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PREFACE 

This  volume  continues  the  practice  of  segregating  the  studies 
done  in  the  various  Psychological  Laboratories  of  the  University 
of  Iowa.  This  number  contains  investigations  completed  under 
the  guidance  of  Dr.  Lee  Edward  Travis,  director  of  the  Psycho- 
logical Clinic,  and  constitutes  the  third  number  issued  in  this 
field. 

The  monograph  testifies  to  the  continued  productivity  of  the 
Psychological  Clinic,  which  has  already  attained  a  high  repu- 
tation for  critical  research  work  in  the  area  of  neuromuscular 
functions  and  their  disturbances.  While  many  of  these  experi- 
ments are  directed  to  problems  connected  with  vocal  derange- 
ments, motor  co-ordinations  of  related  types  have  also  been 
studied.  Behind  the  specific  researches  lies  a  frame  inclosing  a 
complex  picture  of  neuromuscular  activities.  Consequently  these 
isolated  studies  are  after  all  integrated  in  the  direction  of  fur- 
nishing further  facts  towards  the  solution  of  a  current  problem 
pertaining  to  the  psychophysiological  organism. 

The  Editor  of  the  Series  is  grateful  to  all  the  students  and 
stafif  members  who  have  brought  their  contributions  into  con- 
formity with  our  studies  for  publication,  but  especially  to 
Dr.  Lee  Edward  Travis  who  has  given  this  volume  preliminary 
attention  in  an  editorial  capacity  and  to  Mr.  Claude  E.  Buxton 
who  has  painstalcingly  read  the  manuscripts  and  offered  valuable 
criticisms. 

Christian  A.  Ruckmick 
Iowa  City,  Iowa 
15  April  1936 
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INTRODUCTION 

The  studies  by  Drs.  Gardner,  Hunsley,  Morley,  Strother, 
Bagchi,  Hilden  and  Patterson  are  doctoral  theses  involving  an 
analysis  of  stuttering  and  the  neurophysiological  processes  under- 
lying voluntary,  conditioned  reflex,  and  reflex  behavior  in  man. 
The  first  four  comprise  a  group  attacking  an  important  prolilem 
in  clinical  psychology,  while  the  last  three  make  their  contribu- 
tions to  jihysiological  psychology.  Mr.  Milisen  includes  a  study 
on  the  effect  of  training  upon  handedness  preferences  of  rats. 
A  short  paper  on  the  problem  as  to  whether  a  stutterer  is  affected 
in  his  speaking  by  listening  to  other  stutterers  is  presented  by 
Dr.  Van  Riper. 

These  investigations,  all  of  which  were  done  under  the  Editor's 
direction,  continue  a  co-operative  research  program  inaugurated 
for  the  purpose  of  studying  both  organic  and  functional  neuro- 
muscular derangements.  Experimental  rather  than  clinical  pro- 
cedures were  utilized  throughout. 

The  Editor  of  this  volume  wishes  to  record  here  his  thanks 
to  the  Editor  of  the  Iowa  Studies,  Professor  Christian  A. 
Ruckmick,  for  his  generous  and  expert  help  in  the  preparation 
of  the  manuscripts  for  publication. 

Lee  Edw'Ard  Travis 
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THE   STUDY   OF   THE   PUPILLARY   REFLEX,   WITH 
SPECIAL  REFERENCE  TO  STUTTERING 

by 
Warren  H.  Gardner 

/.  Introduction.  Research  in  speech  pathology  at  the  Univer- 
sity of  Iowa  has  been  directed  toward  a  better  understanding  of 
the  neurophysiology  of  the  speech  and  alHed  mechanisms.  The 
directly  observable  symptoms  have  been  measured  and,  further- 
more, definite  asynergies  have  been  detected  in  the  more  subtle 
neuromuscular  units  which  ordinarily  produce  normal  speech. 

Pupillary  activities  are  source-material  for  studies  of  the 
functioning  of  the  central  nervous  system.  They  are  especially 
provocative  to  research  because  they  are  controlled  through  both 
the  parasympathetic  and  sympathetic  divisions  of  the  autonomic 
nervous  system.  Normal  synchronisms  and  antagonisms  may 
be  compared  with  disruptions  which  are  instigated  by  laboratory 
technique  or  which  are  found  to  accompany  abnormalities  in  other 
bodily  functions. 

//.  Apparatus  and  technique.  The  apjjaratus  consisted  chiefly 
of  a  synchronous  motor  (Fig.  1)  and  motion  picture  camera  in 
sound-proof  housing;  a  photography  and  stimulus  light  of  450 
foot-candles  (Fig.  2)  ;  and  head  rests  that  rigidly  but  comfort- 
ably secured 'the  head  of  5"  (Figs.  3  and  4). 

The  light  source  was  stimulus  for  the  pupillary  reflex.  For 
this  experiment,  the  pupillary  contraction  to  light  while  5"  was 
silent  was  considered  the  normal  response.  Extra-stimuli  were 
speech,  bell,  electric  shock  (Fig.  1),  gun  shot,  needle  prick 
(Fig.  5),  and  hand  contraction.  These  were  administered  shortly 
before  the  light. 

The  apparatus  was  installed  in  a  small  dark-room.  No  light 
was  visible  during  dark  adaptation  except  a  tiny  fixation  light 
(Fig.   1).     The  apparatus  and  purpose  of  the  experiment  were 
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explained  ti>  .V  and  lit-  was  placed  in  the  dental  chair.  After  he 
wa>  securelv  fastened  and  his  eye  focused,  a  brief  rehearsal  of 
the  photoi(rai)hy  was  <,nven.  All  lights  were  turned  otY  and  .V 
ua>   told   to   remain   tjuiet.      When   the   sii,nial    '  t,^et    ready'    was 


1  I'.  1  >iilc  Mfu  Ml  liiicmato^jrapliic  apjJaratiK.  (I)  l-'ixatioii  linht 
\h,\  :  (_')  crown  rcit ;  (3)  luad  rest;  (4)  cliiii  rest;  (5)  lii^lit  lunisiiii' ; 
Co  caiiifra :  (7)  ■.linttcr  rclcasi- ;  (S)  rlcctrii-  shock  stiiimlator ;  ( 'M  ti)ot 
motor  itarti-r ;  (  10 1  track  tor  moving  aiiparatus  up  to  \:  (11)  ss^itcll(•s 
tor  motor.  Ii(.;lit,  ImII.  rjcciric  sluRk  ;  (  IJ)  rhcustats  ;  (,13)  horizontal  slide; 
(14)    vertical    ;iiljii-.ter       Apparatus    w.is    installed    in    a    windowless    room. 
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given,  he  fixated  a  cross  with  his  left  eye  (bringing  the  right 
eye  directly  before  the  center  of  the  lens).  The  signal  'now' 
followed  shortly  and  immediately  afterwards  the  light  shone  on 


Fig.  2.  Front  view  of  cinematographic  apparatus:  (1)  and  (2)  fixation 
mirrors  for  left  and  right  eyes:  (3)  lens  barrel:  (4)  focusing  barrel; 
(5)  silent  shutter:  (6)  water  cell:  (7)  light  housing:  (8)  vertical  shafts; 
(9)  chin  rest:  (10)  right  angle  mirror  reflecting  photography  light  from 
lamp  housing  into  eye  oi  S  \  (11)  bell. 


Fic.  3.     Head  rest ;  slides  along  vertical  shafts 
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the  ri.uht  cvc  fcr  5  sec.  When  /:  was  sure  that  .V  understood  tlie 
j)rocedure.  a  ])reliniinary  dark  adaptation  ])eriod  of  5  niin.  was 
<'iven.     If.  at  the  end  of  that  period,  .V  winked  badly  or  rolled 


% 


'^ 
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Fi(..  4.  L'liptr  lilt:  chin  rtst.  slides  alonii  vertical  shafts.  Lower  ri.yht : 
cornea  locus  attachimiit.  fixed  to  kns  barrel  at  (a);  used  to  hriiitz:  front 
edfjie  of  cornea  inti>  e.\act  focus. 


X 


I'li;.  5.  i.elt  :  needle  -tinuilator.  .\s  needle  contacts  llesh,  eUctrodes  on 
o|i])r,sitt  leave>  of  s;)rin);  come  together,  coniiiletinj;  a  circuit  which  li^;hts 
Munal  lamp  to  in<Iicate  on  fdm  the  e.xact  moment  stimulus  was  ainilied. 
K'ikdit  :  ^;iin  shot  vlimidator  :  the  lower  idate  is  raised  l>y  i^as  e.xpausiou  and 
Icrced   a^'ain>t    the   n|i|F<T   plate,  coml)letm^;    the  circuit    for   the   signal    lamp. 


lii^  <\c  when  the  li.L^ht  was  pri'^ented,  he  was  not  u<-v(\  lurther. 
1 1  h(  wa^  ac"ee|ilahle,  he  reinainid  in  the  rhair  !(•  nnn.  lonofi",  .it 
lh(  end  of  which  time  the  |in|iillar\  contraction  wa^  idiotoi^raphed. 
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He  was  released  from  the  chair,  rested  for  5  min.  in  an  outer 
room,  was  reseated,  and  the  second  photography  followed.  Not 
more  than  four  photographs  were  taken  in  one  series  and  only 
one  series  a  day. 

With  certain  exceptions  to  be  noted  later,  5s  were  photographed 
at  the  same  period  of  the  day,  namely,  between  8 :30  and 
10:30  A.M.  During  the  trials  with  speech,  5  was  requested  to 
start  speaking  a  few  moments  before  photography  began,  just 
before  expiration  of  the  10  min.  dark  adaptation  period.  Instead 
of  saying  '  get  ready,'  E  said  '  start  speaking  '  and  shortly  after- 
ward gave  the  signal  '  now.' 

The  standard  form  of  speech  was : 

"  My  name  is  John  Jones.  I  am  20  years  old.  I  was  born  in  Ryron,  Illinois, 
and  graduated  from  East  High  School,  Des  Moines.  I  am  now  attending  the 
University  of  Iowa,  in  the  graduate  college." 

Photography  of  the  pupillary  contraction  during  speech  of 
normal  speakers  was  comparatively  easy.  It  was  most  difficult 
with  stutterers.  Two  methods  were  used  with  the  latter.  Some 
stutterers  stuttered  most  frequently  on  certain  words,  such  as 
their  names  or  the  names  of  their  places  of  residence.  In  such 
cases  the  stutterer  was  asked  to  pronounce  these  words  at  the 
signal  '  now.'  S  usually  was  photographed  while  he  was  having 
a  block.  In  working  with  the  group  who  stuttered  only  occa- 
sionally during  speech  /:  had  to  wait  until  S  was  in  a  distinct, 
prolonged  block  before  the  signal  '  now  '  was  given.  In  such 
cases  only  records  obtained  at  the  end  of  10  min.  adaptation 
periods  were  used. 

The  projection  apparatus  (Eastman  Kodatoy)  was  used  in 
measuring  pupillary  diameters.  The  correlation  between  a  first 
reading  of  127  frames  representing  a  complete  pupillary  contrac- 
tion (Fig.  6)  and  a  second  reading  by  the  same  person  was  .99. 

///.  Subjects.  Fifty-four  5s  were  used.  Thirty  were  normal 
speakers;  21  were  stutterers.  One  normal  male  was  7S  vrs.  old. 
Two  boys  were  10  and  12  yrs.  old.  Ages  of  51  5s  ranged  from 
17  to  35  yrs.      Nine  normal  speakers  and  five  stutterers   were 


6  IfARREX  H.  GARDXER 

females.  All  stutterers  were  attending  the  s^Kech  clinic  at  the 
L'niversit\  d  Iowa.  Seven  nt)rnial  sj)eakers  were  undergrad- 
uates and  the  remainder  were  graduate  students  in  psychology 
and  sj^eech.  Ji  was  impossible  to  obtain  comparative  figures  from 
all  -S's,  largely  because  of  occasional  winking  or  failure  to  fixate. 
l*^s|)ecially  was  this  true  of  the  stutterers,  many  of  whom  show-ed 
the  eye-wink  in  conjunction  witli  other  overlaid  manifestations 
of  the  stuttering  spasm.  Twenty  additional  stutterers  were  not 
used    finallv    l)ecause    of    severe    blinking,    icrking    of    head    and 


-1. 
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Fi(,.  6.  Knlarj^c-mciit  ol  1^'  mm.  negative  .siipcr.sLiisitive  panchromatic 
film.  I-arj-f  dark  cc-ntc-r.  pupil  :  mottled  gray  area,  iris;  white  spot  in  center 
of  pupil,  reflection  of  jihoto^^raplnc  li^'lit. 

r(.lling  of  eyes  during  ])reliminary  tests.  The  majority  of  ^'s 
were  blue-eyed  and  were  ])hotograj)hed  at  the  rate  of  24  frames 
IKT  sec.  ;  tlie  remainder  were  brown-  or  gray-eyed  and  were 
l)liotogra])hed  at   IJ  frames  jx-r  sec. 


//'.    h'rsults. 

J'lir  .\'onn(il  l'iif>illary  h'rspansr  to  Lipht 

Latent  Innr.     The  latent  time  is  the  iiiterv.il  bit  ween  the  instant 
the  light  strike^  ih<  <ve  and  the  moment  of  mitialion  of  constric- 
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tion  of  the  pupillary  margin.     Plfty-one  5"s  showed  the  latent 
times  given  in  Table  I.     The  average  for  all  .Vs  was  .237  sec. 

Table  I.     Latent  times  of  normal  pupillary  reflex 

.167  sec.         .201   sec.        .25  sec.  .292  sec. 
Normal   speakers                    0                      8                    20  2 

Stutterers  3  3  15  0 


Total  3  11  35  2 

Weiler  (9)  reported  the  latent  time  to  vary  from  .15  to  .28  sec; 
Reeves  (8)  stated  it  was  .20  sec;  and  Gradle  (6)  reported  it  to 
be  .1875  sec.  Reeves  reported  on  seven  cases;  other  investi- 
gators did  not  indicate  the  number  of  cases.  In  this  study,  28  per 
cent  were  in  agreement  with  the  figures  of  these  investigators. 
Several  factors  may  be  responsible  for  differences  in  latent  time: 
( 1 )  the  number  of  frames  per  sec. — true  initiation  of  contraction 
might  be  between  two  frames  exposed  successively,  which  would 
be  detected  only  at  twice  the  speed;  (2)  different  intensities  of 
light — Reeves  used  a  battery  of  lamps  for  his  photography, 
Gradle  an  arc  lamp,  and  Weiler  a  Nernst  lamp.  The  present 
photography  was  done  under  an  illumination  intensity  of  450 
foot-candles. 

The  latent  time  was  consistent  for  each  6^  with  very  few  excep- 
tions. Measurements  were  obtained  at  least  twice  for  all  ^'s  and 
four  times  for  the  majority.  Hence  the  latent  time  was  obtained 
in  at  least  300  different  pupillary  responses.  The  latent  time 
remained  consistent  from  day  to  day,  hour  to  hour,  and  in  imme- 
diately successive  responses,  all  under  the  same  light  intensity. 
The  latent  time  of  the  two  young  boys  was  .25  sec.  of  the  aged 
man,  .33  sec. 

Size  of  the  pupil.  After  10  min.  of  dark  adaptation  following 
exposure  for  5  sec  to  a  light-intensity  of  450  foot-candles,  the 
right  pupil  of  41  .S's  averaged  7.54  mm.,  with  a  range  of  6.6- 
8.8  mm.  The  figures  for  right  and  left  pupils  of  28  .9s  are  shown 
in  Table   II.      The   difference   between   right   and  left   pupils   is 

Table  II.     Dilated  pupillary  diameters  in  mm.  of  right  and  left  eyes 

Right  eye        Left  eye  Range  N 


Normal  speakers 

Male 

7.82 

7.77 

7.07-S.80 

11 

Female 

7.41 

7.33 

6.70-8.13 

9 

Av. 

7.64 

7.56 

6.70-8.80 

20 

Stutterers 

7.43 

7.31 

6.0a-«.44 

8 

Av.  all  cases 

7,58 

7.50 

6.0O-8.80 

28 
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.OS  mm.  fur  J8  cases,  including,'  stutterers.  The  rii;ht  and  left 
pupils  nf  11  <  40  \K-v  cent)  were  identical.  Mt;.  7  demonstrates 
the  similarity  of  pupillar}'  responses  of  the  rii^ht  and  left  eyes 
of  LP. 


FIG  7 

RIGHT    EYE 

....LEFT    EYE 


Im'.s.  7.  K,  ''.  ID.  I'liiiill.iry  rcsijonsi-s  to  lii>lit  ;  liim-  in  >cc>)nils  rojiro- 
si-Mt<-(|  .ilfiiit;  ;il)Miss;i,  (liamrtcT  in  mm.  alinii;  urdiiiatc  \'\)i,.  7,  rcspotisi's 
I'l  MK.  rii.;lil  and  Icit  eves,  duriiin  silciici',  within  a  halt -hour  period.  Dark 
adaptatiun,    ID    miii.    lor    racli.      I'in.    S.    rcspouM^    ot    si.\    I'cmaK-    normal 
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Weiler  (9)  stated  that  the  physiological  diameters  of  the  right 
and  left  pupils  were  equal,  but  measurements  by  other  investi- 
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speakers  during  silence,  10  min.  dark  adaptation,  same  time  of  day.  Fig.  9, 
responses  of  OA  during  silence  after  varying  periods  of  dark  adaptation 
obtained  within  a  period  of  one  hour.  Fig.  10,  normal  response  of  WD, 
after  periods  of  5  and  10  min.  dark  adaptation,  both  within  a  period  of 
one-half  hour. 


gators  have  indicated  that  two  to  40  per  cent  of  .9s  (2)  showed 
differences  between  right  and  left  eyes.  Exact  comparison  of 
results  is  impossible  as  long  as  conditions  are  not  identical.  The 
physiological  diameter  often  reported  by  those  in  clinical  practice 
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is  ohtaint'd  after  scNcral  minutes'  adaj>tati(in  to  a  Hi^ht  such  as 
that  ci'iiiiiij;  thr<)ii<,rh  a  windnw.  Other  iii\csti<:^ators  used  dif- 
tereiit  iiiteii>itie>  and  leclini(|iies  as  well  as  different  times  of 
adajitations.  Ri\7-i-s  used  15.  Jl'rUrr  10.  and  Gradle  three 
iniiiuto  of  dark  adaptation. 

Tahk-  II  alM»  sho\\>  tlu-  differences  in  puinllary  diameters  of 
lO  -S's.  'ihe  a\erai,a-  diameter  ol  the  male  ri^ht  i)Ui)il  \\;is  .41  mm. 
larj^cr  than  the  fiinale :  the  avcras^e  diameter  of  the  left  j)upil 
\\as  44  mm.  iari^er  than  the  lemale.  hor  the  ri^lit  \)\\\)\\  the 
ran<.,'c  of  the  male  \sri>  7.U7-S.80  mm.  wliereas  the  range  of  the 
female  jtupils  was  ft.7-S.  1.-^  mm.  Pitkc-Iihlcr  (2)  reported  that 
the  n(»rmal  j)Upillary  diameter  ot  the  lemale  is  larger  than  the 
male  hut  the  conditions  mentioned  in  the  last  paragraph  aj)ply. 
I'ig,  ^^  demonstrates  the  extreme  ranges  of  jiupillary  resjxjnses 
iif  female  normal  >peakers.  Similar  extremes  can  he  demon- 
>t rated  for  male  normal  sjjcakers  and  stutterers. 

Size  of  f^iipil  and  in/c.  I  he  relationshij)  hetween  size  of  ])Upil 
and  age  \\a-  determined  hx'  the  method  of  rank-ditf erences. 
i>^  .-(K  which,  transnnited  li\  (iiirritt's  C^  }  Tahle  X.\  into  the 
product-moment  coefficient,  hecomes  /'  =  -^.^i  tor  22  iiormal 
spc-aker.-.  f'^r  22  stutterers,  r— -  .3^'.  These  figures  point  to  a 
t(.ii(lenc\  I  111"  the  xcuiiger  person  to  haw  the  larger  dilatation. 
The  statement  i^  made  more  signiticant  when  results  froiu 
j'hotiigra])hy  of  the  dilated  pupillary  diameter  of  the  right  eye.s 
ol  tw"  \oung  l»o\>  aiui  an  aged  man  art'  suhmitted.  The  lJ-_\ear- 
iTi  l)o\'>  pupillar\'  diameter  was  ^>A)7  mm.,  the  lO-year-old's 
was  S.SO  mm.  That  of  the  r5-\ear-(i|(l  man  was  ().27  mm. 
I  hese  figures  are  at  opiio.-,ite  extremes  ,,\  the  range  lor  41  cases. 
gi\en  alio\e.  I hik\'-l-Jdcr  \  2  )  reports  th.at  the  m  irmai  i>upillar\" 
diameter  ol  the  aged  and  the  Nduiig  is  small,  hut  he  relers  again 
to  tlu-  jdiysH  .|(  igieal  diameter  as  explained  al»o\e. 

Iliiw(.\cr.  it  is  impos^ihli-  to  assign  a  sjKeific  pupillar\'  diameter 
to  a  gi\en  aije.  using  these  figures.  Im  txample.  lour  JJ-\r.-oKI 
males  had  pnpill.irx'  diameters  res]»<-cii\  il\'  of  ''IHI,  ()S().  7.47 
aii(|  S  1  ,■?  mm.  I'i\i-  l''-\r.-iil(l  males  had  dianieteis  re,spei-ti\el\' 
(it  h.OO.  (kX7.  7  at .  7 .7 .>  and  S.l,^  mm  It  appears  that  within 
the   age  hracki-ls  of    ]S   to  J.^    \rs.,    in   whiili    tin    majnrilN    of  .S>' 
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were,  it  would  be  difficult  to  obtain  a  high  correlation  between 
age  and  dark-adapted  pupillary  diameter. 

Pupillary  diameter  and  length  of  adaptation.  The  pupil  dilates 
most  rapidly  in  the  first  10  sees,  and  much  more  slowly  there- 
after  (see  Table  IIIj.     In  the  case  of  OA   (Fig.  9)  the  pupil 

Table  III.     Effects  of  varied  periods  of  dark  adaptation  of  riyht  eyes 
of  OA  and  HF ,  diameters  in  nun. 

OA  HF 


r 

Period 

Diameter 

0  sec. 

3.05 

10 

5.60 

20 

6.53 

1   min. 

6.93 

3 

7.20 

5 

7.47 

Period  Diameter 

0  min.  2.93 

1  6.67 
5  7.07 
7  7.2,2, 

15  7.22, 


after  7  min.  was  just  the  same  size  as  after  15  min.  However, 
the  pupil  usually  widens  with  increasing  intervals  of  time:  it 
continues  to  enlarge  slightly  (5)  over  periods  ranging  from  one 
hour  tc;  eight  hours.     Table  W  shows  that  in  all  trials  except 

Table  IV.     Pupillary  diameters  in  mm.  after  five  and  10  min.  dark 
adaptation  periods,  both  within  one-half  hour 


•Subject 

5  min. 

10  min. 

WD 

Trial  A 

6.20 

7.27 

B 

6.60 

7.22 

C 

7.47 

7.72 

D 

6.93 

7.A7 

DD 

6.87 

7.47 

HW 

7.72 

7.87 

RY 

7.(^7 

7.53 

CB 

8.07 

8.07 

two  the  pupillary  diameter  at  5  min.  was  smaller  than  that  at 
10  min.  Tn  one  case  the  diameters  were  equal;  in  another,  the 
diameter  at  10  min.  was  smaller.  Fig.  10  is  a  typical  example 
of  the  pupillary  responses  after  5  and  10  min.  periods  of  dark 
adaptation.  A  special  routine  was  administered  to  one  S.  He 
was  brought  in  from  outdoors  where  the  sun  w^as  shining 
brightly  in  a  clear  sky  and  was  dark  adapted  for  5  min.  His 
pupillary  diameter  was  6.93  mm.  He  stepped  out  into  the  sun- 
shine again  for  10  min.  and  then  returned  to  be  dark  adapted 
for  7  mm.     The  pupil  measured  7.13  mm.     He  returned  to  the 


•  ■ 


\2  ir.iR'Riix  //.  (;ar[)\'i-:r 

>im>hine,  sta\cd  there  for  lU  tiiiii.,  returned  to  the  chair  and  was 
dark  adajjted  for  10  inin.  'Ihe  diameter  was  7.05  nun.  Xuw, 
\sithi»ut  lea\inj.;  the  chair,  he  was  dark  adapted  for  10  niin.  and 
the  diameter  was  7.05  miii.  These  ol)servations  point  to  marked 
variations  in  the  size  <it  the  jjiipil  at  the  end  of  5  min.  dark  atlap- 
tation,  hut  the  10  min.  period,  as  recommended  h\-  U'ciU'r  (9j, 
should  he  sufficient  to  ehminate  disturhinj.^  factors  that  might 
ha\e  preceded  a  <.(iven  i)eriod  ol  dark  adaptation. 

Consistency  in  sici'  of  pupil  cit  different  tinws.  Pupilhiry 
diameters  are  not  always  the  same  hetween  e.xteiided  intervals  of 
phi>toi(raph\-.       \-"\'^.     11    and    Tahle    \'    indicate    the    day-to-day 

'Iahi.k  \'.     Piainctcrs  in  iiiillinictcrs  of  O.l's  rifjlit  f^iiful  after  lH  min. 

diirk  ii(laptiitii>n,  at  tlw  same  hour  of  day  fur  sei'i-ii 

SHCcesslz'e  days  (>!:3<>  .l.M.) 

Tluirs'lay  7.27 

Friday  7.3.3 

Saturday  7.07 

Smidav  7.3.5 

Monday  6.93 

Tuesday  7.07 

WcdiRsday  7.07 

variation  in  pupilhiry  diameter  of  the  same  .S".  I'i-.  \2  indicates 
the  \ariation  in  pupillary  diameters  of  ().\  and  se\en  other  .Vs. 
OA  had  a  diameter  of  7.07  mm.  on  three  days  while  W'l)  had  a 
diameter  of  7.47  mm.  on  live  days,  which  m!i;ht  indicate  that 
these  are  their  normal  pupillary  diameters  under  conditions  of 
the  e.xperiment.  ().\'n  pupillary  diameter  was  the  same  on  two 
successive  (hiys  and  \\'l)'s  was  the  >ame  on  three-.  The  pupils  of 
none  ot  the  others  were  the  same  on  two  successive  davs.  The 
ran,i.,'es  of  variation  were  13— K)  mm.  We  can  conclude  that  the 
pupillarx  diameter  is  not  the  same  size  from  da\  to  daw  In  fact. 
I.Hckusli  and  Moss  (  7)  reported  that  the  pui)il  ^rows  Iari,'er,  f(^r 
clerical  workers,  from  the  hei^Munini.;  t^  the  end  of  the  week,  due 
to  ocular  latii^ue,  hm  decreases  over  the  week-end  rest  jK-riod 
.So  environmental  conditions  and  physical  activities  mav  inthieiice 
tin-  diameter  tr(»m  day  to  day.  I  lence,  if  .anv  comi>arisons  are  to 
he  made  <it  normal  pupillary  responses  with  le-^llonses  accom- 
panied or  i)recede(l  hy  cxtra-^t inmli,  hoth  txpes  of  responses 
should  he  p'hot(  (graphed  in  the  s.mie  si-ries  of  tri.ds  within  .i 
pf!  i'  'd  ol    not  more  than    1  '  ..   hi  uns. 
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Fig.  11.  Normal  pupillary  response  of  OA  to  light  on  five  successive 
days  at  same  time  of  day,  each  after  10  min.  dark  adaptation.  Time  in  sees, 
represented  on  abscissa,  diameter  in  mm.  on  ordinate.  Fig.  12,  changes  in 
pupillary  diameter  after  10  min.  dark  adaptation,  dav  to  day,  same  time  of 
day;  N=9.  Numerals  on  abscissa  indicate  number  of  days;  letters  indicate 
5"s.  Diameter  in  mm.  represented  along  ordinate.  Fig.  13,  normal  pupil- 
lary response  of  OA  to  light  at  different  hours  of  same  day,  each  after 
10  min.  dark  adaptation.  Time  in  sees,  along  abscissa ;  diameter  in  mm. 
on  ordinate.  Fig.  14,  dilated  diameter  of  pupil,  10  min.  dark  adaptation,  at 
different  hours  of  same  day.     Axes  as  in  Fig.  13. 
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niaincttr  of  f^uf^il  at  diffcrtut  hours  of  day.  Figs.  13  and  14 
indicate  the  variation  in  diameter  that  takes  place  from  early  in 
the  mornini^-.  6  :3U  a.m..  to  10:30  I'.m.  at  night.     The  range  for 


?■ 

-^                                FIG  13 

6 
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\    Y\          6    30  A  M 
' /V  \\         4  15PM 

5 
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4 
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■N.— ^ 

3 

TTs.^..^  , ^.,f .. 

7  6  01 


7   40 


7  20 


7.0  0 


6  80 


Fl  G   14 


A  i/i     6  30        I  I  00       4:30 

8:30         I   30      10  30 


17  60 
740 
7dO 

7  00 

6  80 
p  u 


0.\  was  .()7  mm.  The  |)ni)illarv  diameter  ;it  10:30  ivm.  was  such 
th:it  .S  heheved  the  hght  to  lie  twice  ;l^  >tr<>ng  as  in  prevmns  trials. 
Another  .S'  showed  a  (haineter  ot"  7.47  mm.  at  S  :30  .\.m  and  a 
(hanietcr  of  SO  mm.  at  S  :30  i-.\i.  i'he^e  ineaNurements  indicate 
the  iicics^itv    foi-  kei-|iinL;  ;i  constant  time  oi   (.•\i)eiiment;ilion. 
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Diameter  of  pupil  in  imnicdiately  successive  periods.  It  must 
not  be  inferred  that  the  pupillary  diameter  is  never  the  same  in 
successive  periods  of  adaptation.      Table   VI   indicates   the   fre- 

Table  \'I.     Diameters,  in  iinn.,  of  ri(jhl  pupils  after  tti'O  10  inin.  periods 
of  dark  adaptation  zeithin  one-half  hour 


Subject 

1st  period 

2nd  period 

Diff. 

RS 

8.00 

7.93 

—  .07 

JS 

8.27 

8.27 

MC 

6.67 

6.73 

+ 

06 

VT 

7.07 

7.07 

MNK 

7.13 

6.93 

— 

20 

FD 

7.60 

7.60 

AS 

7.33 

7.33 

EM 

7.33 

7.33 

JC 

8.13 

8.13 

HW 

7.47 

7.47 

LP 

8.27 

8.27 

DS 

8.80 

8.80 

OB 

7.20 

7.47 

+ 

27 

OA 

7.47 

7.47 

CH 

7.07 

7.07 

DD 

7.47 

7.47 

LK 

8.40 

8.27 

+ 

13 

MP 

8.27 

8.27 

BE 

7.60 

7.73 

+ 

13 

NK 

8.13 

8.13 

quency  with  which  this  phenomenon  is  present.  Out  of  20  cases 
of  two  successive  exposures  for  each  .S",  14  were  identical  in 
pupillary  diameters.  This  would  indicate  that  if  approximately 
70  per  cent  of  the  cases  ordinarily  can  be  duplicated,  as  demon- 
strated in  Fig.  15,  then  a  significant  reduction  in  this  percentage 
under  conditions  of  extra-stimuli  accompanying  the  normal 
pupillary  response  should  indicate  the  influence  of  factors  aside 
from  light  stimulation. 

Contraction  time  of  pupil.  Contraction  time  for  purposes  of 
this  experiment  extends  from  the  end  of  the  latent  time,  i.e..  when 
the  initial  contraction  occurs,  until  the  contraction  reaches  the 
lowest  point  for  the  first  time.     For  28  cases   (see  Table  VII) 


Table  VII. 

Coi 

traction   time 

in  sec.  of  riy 

ht  and  left  pupils 

Right  eye 

Lett  eye 

Range 

N 

Normal  speakers 

Male 

3.58 

3.58 

12 

Female 

3.52 

3.27 

8 

Total 

3.56 

3.45 

2.63^'.\7 

20 

Stutterers 

3.83 

3.67 

2.79-5.17 

28 

Av.  all  cases 

3.64 

3.51 

2.63-5.17 

28 

If,  ll\lf<RIi.\  II.  GARDXER 

the  c«  "ii  time  was  3. (A  sec.   tdr  the  rii^ht  pupil  and  3.51 

sec.  for  the  left  pupil.  W'cilcr  reported  thi.^^  time  to  l)e  .67  sec.  (9), 
iiiirtcn  (  5  )  reported  it  to  he  around  3.5  sec.  Rccz-cs  (  B  )  leported 
an  avera^'e  time  of  3.6  sec.  for  eii^dit  cases  with  a  ran<:je  of  2.6- 
4.3  sec.  /n';/(/t'r  (  1  )  re|M)rted  an  averai^^e  constriction  time  of 
3.51  sec.  Ihe  hi^aire  of  3.f)4  sec.  for  the  ri^ht  jiupil  is  jjracticaliy 
ec|ual  to  that  reported  hy  Rcc7cs.  hut  the  ran.i,'e  has  heen  increased 
with  JU  more  cases.  It  should  he  noted  that  the  rani^a-  of  the 
stutterers  is  <,'reater. 

AuuntiU  (if  contractimi  for  first  srcoiid.  Investiij^ators  have 
mentiotied  t'lie  fact  that  the  lar<j^est  and  fastest  jiortion  of  the  con- 
traction occurs  in  the  first  .7?  sec.  { /\'i'c:\\\\  8 )  or  durintj;  a 
period  lastinj^  .45^()?  >vcA  (iradlc,  6).  Since  these  are  arhitrary 
estimates  and  in  i)ractica]ly  all  cases  the  lari^^st  jjortion  of  the 
contraction  is  comj)l<-ted  in  the  tirst  second,  a  studx-  of  the  ahsolute 
amount  of  contraction  over  this  lon_<j^er  period  should  reveal 
variations  in  s|>eed  of  [>ui)illary  contractions  under  different  con- 
ditions, 'ihe  contraction  durini;  the  hrst  second  was  2.75  mm. 
for  the  riL;ht  and  2.8S  nun.  tor  the  left  jiupil,  with  a  ranj^^e  of 
1.80-3.53    mm.     (see    Tahle    \'lll).       /v'ci'tt.v  (  8 )     reported    an 

Tahi.k  \'III.     .hiKUtitt  of  coiilraction   in   >iii)i.  for  first  second 


]\l^\\\  vyc 

I. (.ft  eye 

Raiiiic 

N 

Xdrinal  sjitak 

ITS 

Male 

2.82 

2.91 

2.13-.i.5>? 

11 

Feinak- 

2.W 

2.^>3 

2.33-3.27 

9 

Av. 

2.86 

2.^)2 

2.LV3.53 

20 

Sttittertrs 

2.51 

2.79 

1.80-3.26 

9 

.'\v.  all  casts 

2.75 

2.88 

1.80-3.53 

29 

averaj^e  of  2.()  nun.  for  ei;.,dit  cases,  ran^e  2.1-3.0.  hut  this  is  not 
strictly  comparahle  hecause  he  included  the  latent  time  in  the  first 
secfdid  of  contraction. 

Tdtiil  (imotint  of  coutroction.  The  total  anioniU  of  contraction 
i^  the  amount  tliat  the  pupil  constricts  from  its  dilated  diameter 
to  the  lowest  diameter  reached  during  the  contraction.  The 
avera;.;e  total  amount  for  2^)  cases  was  4.54  mm.  for  tlu-  rii^ht 
pu|  il  and  4.3S  nun  for  the  K  ft,  with  a  lan^e  of  3.20-5.34  mm. 
A'/'CTT.v  reported  an  a\ira,L;e  of  4.S  mm  with  a  rani^e  of  3.*'- 
5  5   nun.   hut   he   Used  a    15   minute  dilatation.      f  in  tlu'rim  >re.   he 
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used  a  battery  of  electric  lamps  for  photography,  which  may  have 
caused  a  greater  contraction. 

The  miuijuuni  diameter  of  the  pupil.  The  minimum  diameter 
of  the  pupil  is  not  necessarily  the  physiological  minimum.  For 
the  purposes  of  this  experiment,  it  is  the  point  below  which  the 
pupil  ceases  to  constrict  during  its  response  to  a  light  stimulus 
lasting  five  seconds.  As  has  been  reported  earlier,  the  minimum 
point  is  reached  on  the  average  with  3.64  sec.  from  the  initiation 
of  contraction  under  a  constant  stimulus  of  450  foot-candles. 
The  average  minimum  diameter  of  the  pupils  of  27  Ss  was 
3.13  mm.  for  the  right  eye  and  3.10  mm.  for  the  left  (see 
Table  IX).     The  range  was  2.53-3.73  mm.     Reeves'  figure  was 

Table  IX.     Minimum  diameter  in  mm.  of  pupil  at  end  of  constriction 
to  light  sfiniitht.'i  of  450  foot-candles 

Right  eye  Left  eye  Range  N 
Normal  speakers 

Male  3.20  3.19  2.53-3.73  11 

Female  3.07  3.01  2.65-3.55  8 

Av.  3.15  3.11  2.53-3.73  19 

Stutterers  3.08  3.05  2.8(^-3.53  8 

Av.  all  cases  3.13  3.10  2.53-3.73  27 

3.36  mm.  for  eight  cases  only,  with  a  range  of  3.1-3.9  mm. 
The  net  result  here  was  to  lower  the  minimum  diameter  and  to 
extend  the  range  of  Reeves'  figures.  The  interesting  fact  is  that 
the  average  minimum  pupillary  diameter  of  the  left  eye  was  only 
.03  mm.  less  than  the  right  eye,  a  difiference  that  is  smaller  than 
the  average  dilated  diameter  of  the  right  and  left  pupils. 

The  Effect  of  Speech  on  the  Pupillary  Reflex 

Dilated  diameter.  Thirteen  normal  speakers  were  dark  adapted 
twice  within  one-half  hour,  once  in  silence  and  once  with  speech 
occurring  just  prior  to  and  during  the  photography  of  the  con- 
traction (Table  X).  Seven  of  the  13  .S"s  (54  per  cent)  showed 
no  change  from  silence  during  the  act  of  speaking  (Fig.  16). 
Three  showed  decreases  from  silence  and  three  showed  increases 
in  the  pupillary  diameter.  The  mean  diameter  during  silence 
was  exactly  the  same  as  the  mean  during  speech. 

Seventeen  stutterers  were  dark  adapted  twice  within  one-half 
hour.     Their  pupillary  responses  were  photographed  once  while 
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\-i>.^.  15,  I'),  17.  I'iiiiill.ir>  rcsi)oiisi:s  to  liulit  ;  tiiiu-  iii  sees,  is  represented 
Mil  tlu-  .il)s<iss;i.  cli.iiiieter  ill  mm.  on  ortlinati-.  I-'ii;.  15,  responses  ot  Ml', 
ijiirmk;  ^licncr  an<l  uitliin  .i  li.iil-lionr  period;  dark  adaptation  was  10  min. 
i-'m  I'l,  response-,  ot  I)|),  a  normal  speaker,  dnrinu;  silence  and  speech, 
uiMiin  a  lialiliour  period,  il.trk  .idaptalioii  w.is  10  min,  I'i'.^.  17,  responses 
it    \\  I ).  .1   ^tiilt'-rer,  ilnrmt;    ^d<•^l•e  .ind   ^tllllerinu       Spasms  were  ociiirrinL; 
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prior  to  and  during  the  photography.  Fig.  18,  diameters  of  six  stutterers 
after  10  min.  dark  adaptation,  under  conditions  of  silence  and  stuttering. 
In  speech  trials,  spasms  were  occurring  prior  to  and  at  the  moment  of 
photography.  Along  the  abscissa  the  letters  indicate  5"s ;  along  the  ordinate 
the  figures  indicate  diameter  in  mm.  Cross-hatched  bars  indicate  diameter 
during  stuttering ;  blank  bars  indicate  diameter  during  silence. 
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T.MiLF,  X.     Dilated  pupUlary  diameters  of  normal  speakers  in  mm.  under 
conditions  of  silence  and  speech:  W  min.  dark  adaptation 

Speech  Diff. 

8.53 

8.80  +.13 

7.47 
7 .  73 

7.07  —.13 

7.20  +.13 

7.47 
8.00 
7.07 

7.60  —.13 

8.13 

8.13  —.14 

7.36  +.19 

7.73 


tlK-\-  were  >ilent  prior  to  and  clurin^^  the  i)li(itfi^ra|ihy.  and  at^^ain 
while  they  were  endeavcrini,'  to  s])eak,  i.e..  were  havinjj;  .^tutlerint.,' 
.sj>asnis  prior  to  and  diirini^  the  pliotoi^rajihy.  l-'ij.;.  17  shows  the 
|!Uj)illary  cHapieters  of  a  stutterer  diirin*^  speech  and  silence.  It 
is  noticeable  that  the  iminllary  diameter  was  lari^a-r  diirin*;^  the 
stuttering,'  than  durini,'  silence.  Tahle  .\  I  >upports  this  statement 
in  a  more  convincing,'  manner.  When  the  vtutterin*:^  spasm  was 
j)resent  durini,'  speech,  the  averaj^'e  jiupillary  diameter  of  17  As 
was    I?'  mm.  .L^reater  than  when  they  were  silent.     .According  to 

T.Mii  K.  XI.     Ihlated  diameters  in   mm.   under  eo)iditio)ts  of  silence  and 
sliitlerinfi ;  1(1  min.  dark  adaptation 


.Subject 

Silence 

KM 

8.53 

OS 

8.67 

1)1) 

7.47 

HH 

7.73 

I)T 

7.20 

CH 

7.07 

H\\ 

7.47 

KS 

8.00 

\T 

7.07 

RK 

7.73 

MP 

8.13 

).s 

8.27 

b.-\ 

7.17 

Av. 

7.73 

Subject 

Silence 

Stutterinj^ 

niff. 

IK 

7.7^ 

8.13 

+  .40 

1.1. 

6.00 

6.60 

+  .60 

KH 

7.47 

7. (A) 

+  .13 

(iK 

7 .  53 

7.73 

+  .20 

TI 

7.13 

7.33 

+  .20 

JM 

6.87 

7.07 

+  .20 

.\1I) 

8.40 

8.67 

+  .27 

(;!•: 

7.00 

7.73 

+  .13 

\vc 

7.73 

8,13 

+  .40 

J\V 

7.47 

7.73 

+  .26 

i:\v 

8 .  5^ 

8.07 

+  .14 

\<\.\ 

7.73 

7.87 

+  .14 

Ri' 

(,.00 

6.13 

+  .13 

Wi) 

7.47 

7.87 

+  .40 

]«. 

0.13 

6.40 

+  .27 

KY 

7  63 

7.87 

+  .24 

I.NJ 

7.87 

8.(KI 

+  .13 

Av. 

7.37 

7.;.2 

+  .25 
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Fisher's'^  tables  (3),  the  chances  are  93  in  100  that  this  differ- 
ence is  significant,  compared  with  no  difference  between  silence 
and  normal  speech.  One  hundred  per  cent  of  the  cases  showed 
increases  in  pupillary  diameter  during  the  stuttering  spasm,  as 
compared  with  23  per  cent  (three  of  13)  normal  speakers  who 
showed  an  increase,  while  three  others  showed  a  decrease. 

Table  XI  and  the  bar  graphs  in  Figs.   18  and  19  indicate  a 
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Fig.  19.  Pupillary  diameters  of  one  stutterer  after  10  min.  dark  adap- 
tation on  seven  days  at  same  time  of  day,  under  conditions  of  silence  and 
stuttering.  In  the  speech  trials,  spasms  were  occurring  prior  to  and  during 
the  photography.  Along  the  abscissa  the  letters  indicate  days.  Cross- 
hatched  bars  indicate  diameters  during  stuttering;  blank  bars  indicate 
diameter  in  silence. 

definite  and  significant  increase  in  the  dilated  pupillary  diameter 
during  the  stuttering  act.  But  that  an  increase  is  present  in 
normal  speech  of  some  normal  speakers  is  revealed  by  Table  XII. 
Apparently  there  are  those  among  the  normal  speakers  who  show 
the  same  tendency  as  the  stutterers,  whatever  the  factor  may  be 
in  both  groups  of  speakers. 


1  The  significance  of  a  difference  between  means  of  two  measurements  of  the 
same  small  sample  can  be  obtained  by  the  method  of  Fisher  (3,  p.  105).  In  this 
instance,  where  N  is  small  and  one  has  given  the  means  of  measurements  of 
the  pupil  during  silence  and  during  speech,  the  degree  of  significance  of  the 
obtained  difference  is  expressed  as  chances  in  100  that  it  is  significant. 
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T.^Hi.i-   Xll.     Ihlatcd  ditimctcrs  in  mm.  under  iimdiliciis  oj  silence  and 
normal  speech:  10  )nin.     One  normal  speaker  on  five  different  days 

.'^ill•^cc  .Sjictch  Diff. 

7.07  7.20  +.13 

7.33  7.47  +.13 

7.33  7.60  +.27 

7.07  7.20  +.13 

7.07  7.33  +.26 

Av.     7.17  7.36  +.19 

Contraction   time.      Contraction  time   was  affected  to  a   slight 
e.xtent  tiv  the  stutterers"  siieecli  : 


Si  knee 

SiR-ech 

Diff. 

X 

.\'i)riiial  >i)fakcrs 

3.58  sec. 

3.056  SIC. 

—  .076 

y 

.'^IlltttTtT.v 

3.48 

3.38 

+  .10 

12 

Accordinj.:  to  fisher's  tables,  the  cliances  that  the  difference 
between  silence  and  sjieech  of  normals  is  sii^nificant  are  12  in  100, 
v\hereas  the  chances  that  tlie  difterence  ])et\veen  >ilence  and  s|x.'ech 
i>l  stutterers  is  si^^nificant  are  (>''  in  100.  I""urthermf)re,  the  con- 
traction time  of  normal  si)eakers  in  sjjcech  is  less  than  that  of 
silence  in  .■^4  j)er  cent  of  the  cases  (X=:9).  whereas  the  contrac- 
tion time  of  stutterers  durinii.^  their  attempted  siK^ech  is  less  than 
that  of  silence  in  7?  per  cent  of  the  cases   (\:^12). 

.Inidiint  of  contraction  diiriny  first  sicond.  'ihe  amount  of 
contraction  durinc:  the  lu'st  second  oi  constriction  offers  another 
mean^  of  conipariuL;  the  differences  between  silence  .and  S|)eech 
(see    Table    XIII).       IWo    silent    jieriods    of    normal    s])eakers 

I  .\i;i.i'    Xll  I.     .Immiitl  of  contraclion  in  mm.  diirina  first  second  under 
conditions  of  silence  and  speech  after   10  min.  dark  adaptation 


SiUiicc 

Silence 

'Inal  .\ 

Trial  1! 

DifY. 

X 

N'lTiiial  ^piaktr^ 

Silence- 

2 .  '^2 
S])eech 

+  .03 

16 

.\i.riiial  --iKakirs 

2 .  ''0 

2.80 

—  .01 

10 

.siiitlcrirs 

1 . 5'^ 

2.0'> 

+  .10 

13 

slioued  ;i  dilYerence  of  .O.'^  mm.  Sj)eech  of  normal  s|K'akers  had 
practical!)  no  inthience  on  the  amount  that  tlu'  ]iU]»il  contracted 
duriiiL:  llie  lir^t  second.  \\\c  dilTereiice  l)eini.;  only  .01  nun.  ."Stut- 
terer'- slioued  a  substantial  chauL;e  of  1(1  mm  duiiuL:  the  s|)eecli 
act  .XccordiiiL^  to  hislicr's  tables,  the  changes  that  thi^  dillerence 
is  significant  are  *•*'  in   100. 
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Mininmm  pupillary  diameter.     In  two  successive  silent  periods 
of    normal    speakers    (N=23)    the    average   minimum   pupillary 


FIG. 20 

—  SILENCE 

-  —  SPEECH.  NOSPASMS 
....  SPEECH  WITH     • 


FIG    21 
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ELECTRIC   SHOCK 

SILENCE 


diameter  was  3.063  mm.  in  trial  A  and  3.057  mm.  in  trial  B,  a 
difference  of  only  .006  mm.  Seventy  per  cent,  or  16  cases,  were 
equal;  four,  or»17  per  cent,  were  less  in  the  second  trial  than  in 
the  first;  and  three,  or  13  per  cent,  were  greater  in  the  second 
trial. 
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The  chances  arc  1  in  100  that  this  difference  between  the  two 
silent  periods  is  si_i,Miificant.  Ten  normal  si)eakers  were  i,Mven  two 
trials,  one  in  silence  and  one  in  speech.  The  a\era>i:e  niininuini 
piipillar\-  diameters  were  e(|ual.  3.134  mm.  In  11  series  of  one 
.stutterer,  the  average  minimnm  pui)illary  diameter  was  }>.17  mm. 


WINK 


FIG   22 
.SILENCE 
.NEEDLE  STIMULUS 


I-"n,.>.  20,  21,  21.  iJiipillary  rfspon.scs  tf)  lit'lit ;  time  in  sccoii'ls  represented 
1)11  abscissa,  diameter  in  nini.  on  orriinate.  V\\i,.  20,  responses  of  W'l)  diirini; 
silence.  s|>eecli  uitlKHit  spasms,  and  speech  with  spasms;  dark  adai)tation 
of  10  niin.  Fit;.  21.  responses  of  iKjrinal  sjjeaker.  MF.  to  li.i;lit  durini; 
silence,  after  hell  >tinui!ns  and  after  electric  shock;  stimuli  aiiplied  just 
()rior  to  api)earaiice  of  the  li«ht.  Fi'j.  22.  resixmses  of  norm.al  speaker.  \\'.^. 
diirin).;  silence  and  after  a  needle  stimulus  to  the  arm,  applied  just  i)rior 
to  ajipearance  of  litjht. 


for  silence  .and  .v.>5  mm.  fur  stuttering'.  The  I'liances  arc  37  in 
100  that  thi^  difference  i^  sionificant.  In  the  >erics  of  13  sttit- 
terer>,  the  a\eraj4e  mininmm  pnjiiliar\  di.imetcr  w  :is  3  ( )S  tor 
>ilence  and  3.10  mm.  fi>r  stiitterino,  '\'W  chantx-s  ;ire  4"'  in  100 
that  thi^  dillerence  i^  si^niticant .  hiirthermi  )re.  S5  per  cent  ot 
the  miiiimiun  diameters  were  larger  dmiiiL;  ^tntterin!.;  than 
sileiR-e.  , 

.huoiiiit   i)f    tntdl   (iiHttutitiiiti.       riu-    H)   iHirnial    s|»<.';ikers    just 
mentioned    ^hllued    an    averaj^e    tot.ij    ci  iiitraclioii    ol     ATI    mm. 
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during  silence  and  4.73  mm.  during  speech.  Ten  stutterers  showed 
an  average  total  contraction  of  4.23  mm.  during  silence  and 
4.36  mm.  during  stuttering  and  the  chances  are  99  in  100  that 
this  is  significant.  The  stutterer  who  was  given  11  series  of 
silence  and  stuttering  showed  an  average  total  contraction  of 
4.17  mm.  for  silence  and  4.45  mm.  for  stuttering.  The  chances 
are  88  in  100  that  this  difference  is  significant. 

'Xonnal  '  speech  of  a  stutterer.  Fig.  20  shows  the  curves  of 
contraction  of  a  stutterer's  pupil  under  conditions  of  silence, 
stuttering,  and  speech  in  which  no  spasms  were  noticeable.  The 
dilated  diameters  were  8.00,  8.27  and  8.20  mm.  respectively. 
Data  obtained  from  the  left  eye  of  the  same  S  showed  the  dilated 
diameters  of  silence,  stuttering  and  '  normal  '  speech  to  be  8.27, 
8.40  and  8.40  mm.  respectively. 

Effect  of  Extra-Stimuli  on  Pupillary  Reflex 

The  influence  of  extra-stimuli  (i.e.,  stimuli  accompanying  the 
light  stimulus)  on  the  pupillary  response  of  a  normal  speaker  is 
shown  in  Fig.  21.  The  dilated  diameter  was  6.85  mm.  during 
silence  and  7.05  mm.  after  a  bell  was  rung  just  prior  to  the  light 
stimulus ;  it  was  7.2  mm.  after  S  was  given  an  electric  shock  and 
the  dilatation  continued  up  to  7.45  mm.,  then  leveled  off  to 
7.35  mm.  before  its  initial  sharp  contraction  began.  The  latent 
times  for  the  light  reflex,  bell  response,  and  electric  shock 
response  were  .20  sec.  .25  sec,  and  .375  sec.  A  needle  prick 
was  administered  to  the  arm  of  WS  (Fig.  22),  producing  a 
continued  enlargement  even  after  the  light  stimulus  appeared, 
from  7.83  mm.  to  8.65  mm.  before  the  pupil  liegan  to  contract. 

The  effect  of  gun  shot  stimulus  on  RY  (  Fig.  23)  was  to  dilate 
the  pupil  to  7.67  mm.,  compared  with  a  dilated  diameter  of 
7.93  mm.  during  stuttering.  However,  in  Fig.  24,  the  same  ^'s 
pupillary  response  to  a  bell  stimulus  was  greater  than  it  was 
during  stuttering.  In  Fig.  25,  the  dilated  diameters  after  silence, 
stuttering  and  bell  stimulus  were  6.80,  7.23,  and  7.73  mm.  respec- 
tively. In  Fig.  26  the  dilated  diameters  after  silence,  stuttering 
and  hand  contraction  were  7.45,  7.67  and  7.80  mm.  respectively. 
These  facts  indicate  that  the  extra  stimulations  usually  produced 
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"rt-aier  resixpiises  of  tlie  pupil  than  when  the  pupillary  reflex  was 
accompanied  by  ?i)eech  blocks. 
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/ '.  Sinnniiiry.  An  attempt  \sa>  made  tn  (Ktcrmini'  the  eltcct 
I'll  tin-  pu|iillar\  response  when  as\niri:ii>  in  the  <perih  nniscula- 
Inn  utn-  jne^cnt  during  the  s]ic(.ch  ait  .\j)paratn^  and  tech- 
ni(|ni'  were  designed  t<i  pin  pti  >t^rapli  the  ])Upillary  revpniise  during 
^'I'eecli  under  ei  indiiii  .ii^  in  which  laetur^  ti'iidinL:  I"  inlluence 
pnpillar\   pluiHiinena  wire    reduced  \f  a  niiniuiuui. 
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Ftgs.  23,  24,  25,  26.  Pupillary  responses  of  stutterers  to  light ;  time  in 
seconds  represented  on  abscissa,  diameter  in  mm.  on  ordinate.  Fig.  23, 
responses  of  RY  during  stuttering  and  after  a  shot,  fired  just  prior  to 
appearance  of  light.  S  remaining  silent  in  latter  trial.  Fig.  24.  responses 
of  RY  during  stuttering  and  after  a  bell  stimulus,  ,V  remaining  silent  in 
latter  trial.  Fig.  25,  responses  of  WD,  during  silence,  stuttering,  and  after 
a  bell  stimulus  applied  just  prior  to  appearance  of  light.  Fig.  26,  responses 
of  WD,  during  silence,  stuttering,  and  after  .S"  had  been  firmly  grasping  a 
bar  two  seconds  prior  to  appearance  of  light. 


2.S  ll\{RRi:X  11.  GARDXI-R 

A  >tud\'  >>i  the  imrnial  pupillary  rcsjjonsc  to  liL;lit  >hi)\\cd  the 

iolh'W'lU'^. 

1.  TIk-  latent  time  avcrai,a'tl  .237  sec,  with  a  ran*,^^  of  .lo7- 
.J''_'  >cc.  fur  51  -S's  ran^iiiii  in  aj^^c  from  18  to  33  yrs. 

_'.  'Ihc  axcraj^c  pupillary  diameter  after  ten  minutes  of  dark 
adaptation  which  followed  exposure  for  five  seconds  to  a  liijjht- 
inten>it\  of  45U  foot-candles,  was  7.?4  mm.  tor  ri^ht  e\es  of 
41  .Vs.  The  ri<4ht  pujiil  of  _\S  .S's  measured  7.^H  mm.  and  the 
left  i>upil  7.50  mm.  The  ri^lit  pupil  of  males  was  .41  mm.  larger 
than  females  antl  the  left  \)U\n\  was  .44  mm.  lari^er  than  the 
females.  The  ri^ht  and  left  i)U[)ils  oi  normal  speakers  were 
lari^a-r  than  the  pupils  of  stutterers,  the  ri^ht  hy  .24  nun.  aiul  the 
left  hy  .25  mm. 

3.  A  slii^ht  correlation  was  found  Ijetween  size  of  \m\)\\  and 
li'f^c.  r:=.52  for  22  cases  of  normal  si>eakers  and  r=^.y^  for  22 
stutterers.  lUit  within  a  L;i\en  a,L;e,  for  e.\ami)le  22  \rs..  ma\'  he 
found  the  extremes  of  the  distrihution. 

4.  l'u|)illary  diameter  increased  with  leiiL^th  of  j)eriod  of  adap- 
tation, j,(reatl\'  within  the  first  10  seconds  and  more  slowl\-  there- 
alter.  The  diameter  at  5  min.  in  most  cases  was  smaller  than 
the  diameter  at   10  min. 

5.  The  dilated  pupillar\'  diameter  was  not  consistentK'  the 
same  troni  da\-  to  day  at  the  same  hour.  One  .V"s  di.ameters  had 
a  rauLje  <i|   .40  mm.  witlun  sexen  successixe  dail\    measurements. 

'».  The  jiupill.ary  diameter  was  lar^e  earl\'  in  the  morning;, 
hecame  smaller  in  the  middle  of  tlu'  day,  and  hecanie  <till  larger 
at  nii.,dit. 

7.  In  imini'di.Uely  successive  jiupillary  resi)onses  to  lii^ht  within 
a  halt  hoiu',  durini^  silence,  identical  di.imeters  were  ohl.iincd  in 
70  |)i-r  cent  of  _'0  cases. 

S.  (  oiitractioii  time  was  3.04  sec.  for  the  ri^ht  pupil  and 
3,5  1   sec   for  the  left. 

".  I  he  amounts  ot  contr.actioii  for  the  tirst  second  .after  initi- 
.atioii  o|  tdnstriction  were  2.7?  and  J.SS  mm.  for  the  riL^ht  .and 
Iftt  ]Mipils  oi  iiorm.al  spt-akers.  kHi'  stutterers  the\-  were  J. 51 
.and  2  7''  mm.  r(siH-cti\el\'   for  the  ri,Liht  and  left  jiupils. 
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10.  The  total  amounts  of  contraction  were  4.54  and  4.38  mm. 
for  right  and  left  pupils  of  26  5s,  with  a  range  of  3.20-5.34  mm. 

1 1 .  The  average  minimum  diameters  reached  in  the  constric- 
tion were  3.13  and  3.10  mm.  for  the  right  and  left  pupils  of  27 
cases,  with  a  range  of  2.53-3.73  mm. 

The  pupillary  response  to  light  was  altered  during  the  speech 
act  in  the  following  directions. 

1.  The  dilated  diameter  at  the  end  of  10  minutes,  photographed 
while  normal  speakers  were  silent  and  while  they  were  speaking, 
averaged  7.7i  mm.  in  both  cases  (N  =  13). 

2.  Seventeen  stutterers  were  photographed  under  similar  con- 
ditions. The  average  pupil  dilated  to  7.2)7  mm.  during  silence 
and  to  7.62  mm.  during  stuttering.  The  chances  are  93  in  100 
that  this  difference  is  significant.  One  hundred  per  cent  of  stut- 
terers showed  increases  in  dilated  diameters  during  stuttering 
while  54  per  cent  of  normal  speakers  showed  identical  diameters 
and  23  per  cent  showed  decreases. 

3.  One  normal  speaker's  measurements  during  five  series 
averaged  an  increase  of  .19  mm.  during  the  speech  act.  This 
indicated  that  among  some  normal  speakers  the  normal  antag- 
onism of  the  pui)illary  muscles  is  altered  during  speech  in  a 
manner  similar  to  that  of  stutterers. 

4.  The  contraction  times  for  normal  speakers  during  silence 
and  speech  were  3.58  sec.  and  3.656  sec. ;  the  contraction  times 
of  stutterers  were  3.48  sec.  and  3.38  sec.  for  silence  and  stutter- 
ing. The  chances  are  12  in  100  that  the  former  difference  is 
significant,  compared  with  69  chances  in  100  that  the  latter  differ- 
ence is  significant. 

5.  The  amounts  of  contraction  in  normal  speakers  during  the 
first  second  of  constriction  were  2.90  and  2.89  mm.  in  silence  and 
speech;  in  stutterers,  they  were  2.59  mm.  and  2.69  mm.  during 
silence  and  stuttering.  The  chances  are  99  in  100  that  the  latter 
difference  is  significant. 

6.  The  minimum  pupillary  diameters  of  23  normal  speakers 
in  two  successive  photographic  records  during  silence  were  3.063 
and  3.057  mm. ;  70  per  cent  of  the  cases  were  equal.     Similar 
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(liaincttTs  nt  10  iiDrmal  sjK-akers  during  silence  and  si)eech  were 
the  .^aiiic.  .vl34  mm.  Similar  diameter^  of  lo  stutterers  duriiii^ 
silence  and  >i)eech  were  3. 08  and  .vl')  nun.  resjjectivejy.  Ihe 
elianee.^  are  4*'  in  100  that  this  la>t  dilVerence  is  siii^nilicant  and 
85  i>er  cent  ut  the  stutterers  showed  an  increased  minimum 
[>ui)illar\    diameter  durint;   stutterinj^. 

7.  1  otal  amounts  ot  contraction  oi  the  jmpil  lor  10  normal 
>[)eaker>  averai^ed  4.72  and  4.73  mm.  duriiii^  silence  and  speech. 
Ten  .stutterers  averaged  4.23  and  4.30  mm.  during  silence  and 
>tutterini4.  The  chances  are  0*'  to  100  that  the  latter  difference 
is  sii^niticant.  In  11  .series  ot  one  stiUterer,  the  total  amoimt  of 
Contraction  increased  trom  4.1/  to  4.4?  mm.  during;  stuttering. 
The  chances  are  88  in  100  that  this  dilterence  is  significant. 

8.  When  no  spaMiis  were  present  during  the  stutterer's  speech 
the  dilated  diameter  wa>  identical  in  one  eye  and  alniost  identical 
in  the  other  e\e  with  the  diameter  olist-rxed  dining  stuttering. 

'•.  .\dministratioii  ot  e.\tra-stiinuli  (needle  prick,  shot,  hell, 
electric  shock,  hand  contraction)  ettected  a  greater  alteration  of 
the  |)Ui)illary  response  than  was  ohserxed  during  the  ahiiormal 
speech  of  stutterers. 

II.  i'oiuliisum.s'.  The  dystunctioning  of  neurophvsiological 
mechanisms  of  the  stutterer,  as  revealed  1)\  much  research  in  the 
laboratories  in  the  I  ni\ersit\'  ot  Iowa,  is  a  possible  Source  ot 
the  stutterer's  speech  dilticulties.  The  results  cited  ahove  now 
show  that  the  delicate  halance  hetween  the  constrictor  .and  dilator 
muscles  oi'  the  pupil,  which  ai"e  innerxated  l)\  opposing  hranches 
ot  the  autonomic  ner\ous  system,  is  likewise  tiisarranged.  The 
iionnal  pupillar\'  resjxmse  to  light  is  ;ilter''d  consisteiilK'  in 
dilate<l  diameter,  the  \;irious  s[)eeds  ;ind  .inionnts  oi  contraction, 
.and  niii!Mnuin  di.auieter.  when  sp.isms  are  present  in  the  speecli 
of  the  sinttirri".  Whether  this  points  lo  ,i  w  idespri-ad  dysorgani- 
/atioii  throiighoiit  the  eiiliie  ner\ons  Ny-,tem  or  whether  it  is  the 
proihut  oi  ,111  emotional  atlitude  so  oiteii  pn-seiil  in  stutterers 
during  speech,  or  whether  il  is  ;i  product  ot  nian\  i.ictois.  it 
\sould  he  impo-,>il)lc  to  dciiionst rate  with  the  mlormatiou  at 
I'lCsi-nt  .i\  .lil.iltle 
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1.  I ntnnliictuni.  This  investigation  i)ro])()Scs  to  test  one  of 
the  livjiotheses  upon  whicli  the  cerehral  dominance  tlieorv  (if 
>lutterin_t,f  rests.  This  hxpothesis  as  stated  hy  '/'nrvis  (5)  is  as 
toljows;  >tutterers  lack  a  dominant  i^M'adient  of  excitatitm  sutli- 
cient  to  iiitei,'rate  the  hilateral  speech  musculature  which,  when 
acting,'  as  a  unit.  mu>t  perform  a  ])attern  of  nioxemeiits  in  time, 
if  stutterers  show  a  marked  interiority  to  nitrmal  siK^akers  in 
their  ahility  to  jiertorm  a  pattern  ol  movements  in  time  with  the 
jaws,  lijjs,  toui^ue,  and  abdomen,  the  liyjiothesis  ma\-  be  ^aid  to 
have  been  in  jiart  substantiated. 

The  task  _L,M\en,  as  will  be  explained  in  detail  later,  wris  to 
reproduce  as  exactl)'  as  ])ossible  a  tenqmral  ])attern  of  auditorv 
clicks.  A  hii^di  decree  ol  ni-r\ous  intei^M^ation  wnuld  be  reipiired 
for  an  indi\idual  to  accomiilisb  this  with  exactitude,  in  so  far 
a>  the  paired  mu>t'ulatures  invi>l\e(l  did  act  as  a  unit  wduld  tliis 
precision  ni  ]iertormance  be  achieved,  blxponents  of  the  cerebral 
dominance  theory  belie\e  that  stutterers,  i\uc  tn  their  lack  of  a 
dominant  ,L,M-adient  ot  c'xcitation,  ari'  nnich  le^s  ;ible  than  nurmal 
speaker>  to  achie\e  this  liuictinnal  unU\  nt  nniscular  contractii  n; 
at  the  ]>r<iper  moment;  it  would  lullnw  tji.it  stutti-rers  would  be 
markedly  intirior  tn  normal  speakers  in  tullnwinL;  such  an  audi- 
tory rhythm.  Such  an  experiment  would  ha\f  tlu-  .iddilional 
ad\antaL;c-  <ii  i-liminatin^  lari^i-K.  il  n^t  entireK,  thi'v(,>  f.icturs 
which  lia\e  been  proposed  1)\  tin.'  nppnneiit-^  "\  tlu'  cenbral  (lumi- 
nance theory  In  <^xpl;iin  tlu-  diltereiice  bitwi-en  stutterers  and 
non-stuttenrs,  naineb,  tin-  anxieties,  dria(b,  and  ni.il-em<  iiidu.il 
attitudes  tu  which  ci  inummicatH  mi  in  si)i'ech  has  bieii  conditioned. 
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This    entire    experimental    set-up    involved    no    communication, 
vocalization,  or  anything  which  might  be  classed  as  speech. 

This  experiment  seeks  to  answer  the  question :  are  stutterers 
markedly  inferior  to  normal  speakers  in  the  use  of  speech  mus- 
culatures in  a  non-speech  act? 

The  whole  activity  of  speaking  involves  the  movement  of  the 
lips,  cheeks,  jaws,  tongue,  soft  palate  and  uvula,  larynx,  epiglottis, 
thorax,  and  diaphragm.  Speech  is  a  single  function  depending 
upon  the  usage  of  structurally  and  functionally  dissimilar  parts, 
each  one  of  which  is  bilaterally  innervated.  Any  one  of  these 
various  musculatures  when  used  as  a  functional  unit  provides 
the  conditions  appropriate  to  this  experiment,  and  those  of  the 
jaws,  lips,  tongue,  and  abdomen  were  chosen  for  investigation. 

In  order  for  any  of  these  component  musculatures,  for 
example  the  tongue,  to  act  as  a  functional  unit  in  voluntary  acts, 
nerve  impulses  from  the  cortex  cerebri  must  be  sent  to  both 
halves  of  the  tongue.  These  nerve  impulses  must  be  essentially 
identical  in  their  moment  of  onset  and  in  their  appropriate  ampli- 
tude, frecjuency,  and  duration.  Trai'is  (4)  has  shown  that  action 
current  records  taken  simultaneously  from  the  two  masseters 
give  evidence  that  these  muscles  are  not  being  innervated  in  an 
identical  or  similar  manner  during  stuttering.  In  normal  speech, 
however,  it  was  shown  that  the  masseters  work  as  a  functional 
unit  and  contract  at  precise  moments  in  time.  The  precision 
required  in  bilateral  innervation  of  the  speech  musculature  for 
normal  speech  is  necessary  for  the  performance  of  a  pattern  of 
movements  in  time  such  as  that  required  in  the  present 
experiment. 

Blackhurn  ( 1 ) ,  in  a  study  of  the  voluntary  rhythmical  move- 
ments of  the  diaphragm,  tongue,  lips,  and  jaws  found  that  stut- 
terers showed  a  decided  inferiority  to  normal  speakers  in  their 
ability  to  control  movements  of  the  mid-line  speech  structures, 
quite  aside  from  the  speech  situation.  Scth  (3)  duplicated  the 
work  of  Blackhurn  and  corroborated  his  conclusions.  West  (6) 
reported  an  attempt  to  discover  a  measurable  factor  which  would 
clearly  differentiate  stutterers  from  normal  speakers.  He  showed 
that  stutterers  have  a  significantly  lower  rate  of  repetitive  volun- 
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l;ir\-  iiiii\cincnt>  of  the  jaw  and  c>cbr(n\  imisculaturcs  than  has 
the  iKirnial  >i)cakcr.  Cross  [2)  made  a  study  of  the  motor 
capacities  of  stutterers  and  normal  >i>eakers  and  concluded  that 
stutterers  are  markedly  inferior  to  normal  s[)eakers  in  bimanual 
activity. 

//.  Subjects.  'l"\\ent\-  stutterers  from  the  speech  clime  of  the 
Stale  l'ni\ersit\  of  low  a,  17  men  and  three  winnen.  were  used 
as  the  experimental  i;roup.  ()l  this  i^roup,  two  men  were  j^rad- 
uate  student>  and  one  was  a  hii^h  school  student.  Ihe  other  17 
were  university  underi^raduates.  Xo  attempt  was  made  to  con- 
trol the  amount  of  treatment  that  each  of  the  stutterers  had 
receiveil.  The  control  .^roup  consisted  of  20  normal  speakers. 
includin,i(  15  luen  and  ti\e  women.  l-"i\e  of  this  .i^rouj)  were 
L^raduate  students  and  the  other  \?  were  universit)'  under- 
;.,'raduates.  Most  ot  the  undergraduates  were  frotu  a  so])homo'-e 
elementary  ps\choloL;y  class.  .\ll  the  stutterers  were  familiar 
with  e.\i>erimental  situations  >ince  the\'  had  been  tested  many 
times  in  the  si)cech  clinic  and  had  been  .Vs  in  other  ex|)criments. 
The  exj)erimental  situation  was  new  to  most  of  the  control  ^roup, 
since  it  was  their  first  experience  of  this  kind. 

///.  I'roci'diiri'.  'ihe  nioxements  oi  the  muscle  L;roups  were 
recorded  by  means  ot  a  Mare\'  tamboiu"  altaclied  to  a  StorltiiiL; 
poly t^r raj )h.  The  recording  paper  passed  throUL^li  llie  machine  at 
a  constant  S|)<.-ed  of  ()4  luiu.  per  second.  This  pro\-id(.(l  a  move- 
ment pattern  which  was  fairh'  easv  to  read.  The  paitern  of 
auditory  clicks  was  made  i)\'  an  abiminum  disc  placed  on  a  turn- 
table ot  a  phoiioL^rap-h.  (  )n  the  ed^e  of  this  disc  were  titled  lu^'s, 
spai'ed  tor  the  rhythm  pattern  to  be  used.  b.ach  hi^;  was  one 
inch  loii^  and  '  (  in.  wide.  A  stiip  of  stilf  brass  contacteij  the 
lu:.;s  which  provided  the  stimulating  clicks.  The  pattern  used 
was  Mt  V;  time.  The  lirst  (|nartrr  note-  was  split  into  two  ei^hth- 
iiotrs,  thus  makini;  a  |)attern  of  four  clicks.  \'>\  means  ot  a 
poly^ra])h  i)en  this  stimulus  paiteni  was  ob)ecti\ely  recorded 
simultaneously  with   the  peiioi  uianci-  pattern   made  by  .S . 

.Movements  of  the  lii)s  were  detecti'il  by  means  ot  a  small  i>liable 
rubber  bulb  placed  between  them  llu-  bulb  was  connected  to 
lb'-  tambour  b\  uieaus  of  a  loiiv  rubber  lube,  so  thai  a  iiio\enK'Ut 
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of  the  lips  was  recorded  by  a  movement  of  the  tambour  pen. 
Jaw  movements  were  recorded  by  ^"s  biting  a  thick-walled 
rubber  tube,  one  end  of  which  was  sealed  and  the  other  connected 
with  the  tube  leading  to  the  recording  tambour.  Thus  when  6" 
opened  and  closed  his  jaws  the  movements  were  recorded.  A 
Marey  cardiograph  provided  an  adequate  means  of  recording 
tongue  protrusions  and  withdrawals.  ,S"  moved  his  tongue  in 
and  out  of  his  mouth,  taking  pains  to  keep  the  tip  of  it  against 
the  rubber  dam  of  the  cardiograph  tambour  all  of  the  time.  A 
Sumner  pneumograph,  placed  around  the  body  at  the  point  of 
the  xiphoid  process,  was  used  to  record  the  movements  of  the 
breathing  musculature.  5  was  instructed  to  reproduce  the 
stimulus  pattern  by  short  "  panting  '  movements. 

One  stimulus  pattern  was  produced  with  one  revolution  (jf  the 
disc.  The  speed  of  production  of  the  pattern  could  thus  be  con- 
trolled by  the  speed  regulator  of  the  phonograph  Twelve  dif- 
ferent speeds,  progressing  from  slow  to  fast,  were  used.  This 
insured  an  adequate  test  of  the  influence  of  speed  on  production 
of  performance  patterns.  The  speeds  used  were  as  follows: 
30.7,  40.0,  51.3,  60.0,  65.2.  69.8,  75.1,  80.0,  83.5,  85.4,  89.3, 
and  91.3  revolutions  per  mitmte.  The  constancy  of  the  speeds 
was  checked  in  terms  of  average  duration  of  the  stimulus  pat- 
tern. The  average  duration  in  seconds  f(^r  51.3  revolutions  per 
minute  was  1. 4625 i=. 0228,  and  for  85.4  revolutions  per  minute 
it  was  .896 ±.00375.  The  minuteness  of  the  standard  devi- 
ations indicates  the  constancy  of  the  stimulus  pattern. 

For  each  5  the  recordings  were  as  follows  :  jaw  movements,  lip 
movements,  tongue  movements,  and  breath  movements.  .S"  was 
seated  so  that  he  was  unable  to  see  the  apparatus  and  E.  No 
information  was  given  to  him  concerning  the  actual  purpose  of 
the  experiment.  He  was  instructed  in  the  use  of  each  particular 
piece  of  apparatus  and  any  questions  that  arose  concerning  the 
manipulation  of  it  were  answered.  S  then  listened  t(^  the  auditory 
stimulus  pattern  for  a  short  time.  The  stimulation  apparatus 
then  was  stopped  and  5'  given  these  instructions : 

"  I  want  you  to  reproduce  thi.s   rhythmic  pattern  as  nearly   perfectly  as  you 
can,  following  both  the  pattern  and  the  speed.     Try  it." 
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A   short  I  r  act  ice   j-eriMcl   was  t^iven  at   this   jK)int   and    further 

iiistructiiins  were  necessary  in  a   tew  cases  to  make  sure  that  .S' 

understood  what   was  wanted.     .V  then  was  j^nven  the   f(jHowin«i; 

instructions  : 

"  lk«iii  tilt  pattern  as  scon  as  ixjssihlt-  ai'tiT  1  till  ymi  to  besin.  Start  at 
tht.  bcKinnin^!  of  tht  patttrii.  Kciicat  the  pattern  chcc.  and  once  only.  This 
IS  tht.  pattern  (the  pattern  wa^  illustrated  with  tap>  on  the  table).  Start  when 
flu-  pattern   be«in>.      Ready— bef;in." 

The  piilN'^'rajih  was  started  at  the  word  '  ready."  The  sig^nal  of 
■  readv — hei..;in  '  was  <.;i\en  l)efore  eacli  (if  the  three  trials  at  each 
sjH.ed. 


A'      B'  C  D' 

Sfimu/c/J   Pattern 


A       B  C  D 

r  ertormance     Patterrt 
lima  line 


I'll..  1.     Record  of  performance  pattern. 

In  order  to  make  a  (juantitative  analysis  of  the  perfi irmance 
|;attern  at  each  sjK'ed  lor  each  nuiscle  J.^rouj>  tested,  and  in  order 
to  make  a  (|iiantitati\e  comparison  hetween  stutterers  and  normal 
sj-eakers  it  was  necessar\  to  dexelop  a  method  of  scorin<.,f  the 
|. ertormance  patterns  in  which  wmild  he  considered  the  four 
movements  in  the  pattern  and  the  rate  of  performance.  The 
method  ol  scoring  (  l''i«.;.  1)  consisted  in  rmdinj.,'  the  ratios 
hetween  the  first  (AT))  and  second  (lU),  and  hetween  the 
second  (  IK)  and  third  (("I))  time  inter\als  of  the  performance 
pattern,  each  interval  hein^  meastu'i-d  as  millinR'ter>.  The  ditfiT- 
encc  hetween  each  ratio  and  its  corri'spondini;  ratio  in  the 
slininins  j'attern  (  .\'  to  D' )  wa^  found,  and  the  two  values  thus 
ohtained  were  summed  uilhoiit  regard  to  ^ii^n.  The  formula 
which  expresses   the   ahove  computation   is   therefore 
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/AE_A^'\     /BC_BX7\ 
VBC     B'CV     VCD     CDV 


The  above  method  of  scoring  provided  an  accurate  determina- 
tion of  the  manner  in  which  the  rhythm  of  the  performance 
pattern  {i.e.,  the  relations  of  component  movements  to  each 
other)  corresponded  to  the  rhythm  of  the  stimuhis  pattern. 
However,  since  vS"  could  have  given  a  performance  pattern  which 
corresponded  exactly  in  the  time  relations  of  its  component  move- 
ments to  those  of  the  stimulus  pattern  and  yet  have  performed 
the  pattern  much  more  slowly  than  the  speed  of  the  objective 
pattern  required,  it  was  necessary  to  multiply  the  value  ascer- 
tained from  the  above  formula  by  the  ratio  between  the  duration 
of  the  stimulus  pattern  (A'D')  and  the  duration  of  the  perform- 
ance pattern  (AD).  The  complete  formula  was,  therefore,  the 
preceding  formula  multiplied  by  the  ratio  of  the  two  durations  or 

KAB      A^B^\      /BC      B^CXI  AD 
BC      B'C/^\CD      C'DvJa'D'" 

The  resultant  value  is  thus  a  measure  of  both  speed  and  accuracy 
factors. 

Interval  ratios  were  especially  useful  in  that  the  amount  of 
performance  error  was  weighted  according  to  the  specific  interval 
involved.  The  use  of  these  ratios  permitted  a  given  deviation 
in  any  part  of  the  pattern,  whether  between  the  first  and  second 
time  interval  or  between  the  second  and  third  time  interval,  to 
make  its  appropriate  eft'ect  on  the  final  score. 

In  order  to  determine  the  accuracy  of  the  scoring  of  the 
records,  144  individual  performance  patterns  were  measured  and 
scored  a  second  time.  The  values  thus  obtained  were  correlated 
with  the  corresponding  values  of  the  first  scoring.  The  resultant 
reliability  coefficient  was  .97 ±.003. 

The  scores  of  the  trials  ranged  from  zero  to  100,  zero  being 
perfect  and  100  or  over  a  failure.  The  score  reached  100  or 
over  when  ( 1 )  the  time  intervals  between  any  or  all  of  the  four 
movements  were  either  too  long  or  too  short  in  comparison  with 
the  stimulus  pattern,  or  (2)  the  performance  pattern  consisted 
of  more  or  less  than  four  movements. 
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I)ecau>e  <•!  the  ]Mi>sil)ility  of  chance  failure  or  chance  perfec- 
tion enterin*:  into  tht-  j)roduction  of  the  i)erforniance.  .S's  were 
re(|uire(l  K  ■  ^'ive  three  sejjarate  rei)roductions  of  the  stinnilus 
{<attern  at  eacli  >j)t-etl  liy  each  of  the  four  muscle  j^roups  listed. 
As  a  result  of  a  preliminary  exi>eriinenl.  three  >uch  reproductions 
were  deemed  sufficient  to  ^a't  an  adequate  samplinj:;  of  S's  per- 
formance at  each  siR^-ed.  Tliere  was  a  coefficient  of  correlation 
of  >:7r:.(»5  between  the  averaj^^-  score  of  the  first  three  trials  and 
the  averaj,'t-  >core  of  hw  trials;  there  was  a  correlation  of  »0±.04 
Utueeii  the  hot  score  of  the  first  three  trials  and  the  best  score 
of  the  five  trials. 

(  orrelations  hetween  the  scores  of  the  first  and  third  trials  at 
each  speed  were  com]»are(l  in  an  attenijit  to  find  how  consistent 
the  individual  was  in  jierforminj;  any  j^nven  speed  from  time  to 
time.  The  coefficients  of  reliahilitx  determined  in  tliis  manner 
for  each  nf  the   lour  musculature  iiroups   were  as   follows: 

r  PE 


jaw  s 

.41 

.03 

IJjlS 

.M> 

.03 

Ton;;  IK- 

.:^2 

.04 

I'rtathiiiii 

.4() 

.03 

These  are  nn'nimum  c<irrelations.  Tin-  true  correlations  prob- 
ably are  somewhat  hii^her.  lor  the  methods  of  measuring,''  and 
scorinj.;  were  relativelx'  fine.  These  reliabilitx'  nua^ures  do  not 
measure  how  closely  the  first  |>e-rforniance  ]iattern  conforms  to 
the  third  ])erlormance  pattern,  but  the\  do  sh<i\\  the  amount  of 
(lisaj,'reenient  between  the  stimulus  ]iat:eni  and  the  first  perform- 
ance pattern  a>  compared  with  the  amount  ol  disagreement 
between  tlu  stimulus  pattern  and  the  first  per  f<  ^nuance  pattern 
a-  {■<.ni|ared  with  the  aniomit  of  disaL,M-eemeiit  betwc-eii  the  stimu- 
lus ]>atleni  and  the  third  jierlMrmance  pattern  In  other  words 
tlie^e  reliability  ci 'eltuients  --how  how  consistentU  .S  in  hi<  per- 
tormancev  confiirni-«  to  the  stimulus  jiattern 

l\eliabilit\  ( '  lethcieiits  ;ils(,  were-  computed  between  the  first 
and  secniid.  iKtween  the  second  and  third,  and  bilweeii  the  first 
aiid  third  appro.ximations  to  the  stimuln^  pattern.  These  were 
ba^cd  (>i\  a  Miialler  number  of  .S •>  and  the  \ahus  thus  found 
appr«.Mm;iied  th<-se  -^-iven  by  all  .S -^  on  the  first  and  third  trials. 
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Since  the  low  reliability  coefficients  show  that  any  one  per- 
formance is  not  a  reliable  index  of  how  well  an  6"  could  perform 
the  pattern,  the  average  score  of  the  three  trials,  and  the  optimal 
or  best  score  were  used  in  computing  the  difference  between 
normal  speakers  and  stutterers. 

ly.  Results:  quantitative  data.  After  all  the  records  had 
been  obtained,  they  were  measured  and  scored  according  to  the 
procedure  already  outlined.  The  results  thus  obtained  were  tabu- 
lated according  to  (1)  the  average  score  of  the  three  trials  made 
by  each  5"  at  each  speed,  (2)  the  optimal  score  made  by  each  S 
at  each  speed,  and  (3)  the  rank  order  of  the  best  jDerformance 
of  each  5"  at  each  speed,  based  upon  the  average  of  three  trials. 
The  data  for  each  speed  were  then  converted  into  group  averages. 
The  SDs  of  the  distribution  were  computed  and  the  CRs  of  the 
difference  between  the  stutterers  and  normal  speakers  ascertained. 
In  Tables  I-I\^  inclusive  are  found  the  results  as  given  sepa- 
rately for  the  movements  of  the  jaws,  lips,  tongue,  and  breathing 
mechanism.  These  data  show  that  at  every  speed  in  each  muscle 
group,  the  non-stutterers'  performance,  with  one  exception,  was 
better  than  the  stutterers'  performance.  This  one  exception  was 
at  89.3  r.p.m..  on  performance  with  the  tongue  musculature. 
Both  groups  were  nearing  the  upper  limit  of  scores.  The  CRs 
show  a  statistically  significant  difference  between  the  two  groups. 

In  order  that  the  findings  may  be  more  clearly  presented,  the 
data  are  show-n  graphically  in  Fig.  2.  For  both  groups  there  is 
a  constant  increase  in  difficulty  of  performance  as  the  speed  of 
the  stimulus  pattern  becomes  greater,  as  shown  by  the  increase 
in  size  of  scores.  These  data  also  show  that  as  the  speed  increases 
the  differences  between  the  two  groups  decrease.  This  may  be 
evident  because  both  groups  are  approaching  the  upper  limit  of 
performance  capacity.  These  findings  hold  true  for  the  per- 
formances of  the  jaws,  lips,  tongue,  and  breathing  mechanism. 

It  will  be  noted  also  that,  in  general,  stutterers  gave  a  better 
performance  at  40.0  than  at  30.7  r.p.m.  When  the  speed  was 
slower  than  30.7  r.p.m.,  the  stutterers  either  were  imable  to  per- 
form or  gave  a  very  poor  performance. 

The  optimal   score  made   by  each  S  at  each   speed   for  each 
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T.\BLE  I.     .!  com^itrisin:  of  nofuud  spci. 
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Table  IV.     A  comparison  of  normal  speakers  and  stiitlerers  in  regard  to  brealhing 

movcmems 

Controls  (N=20)  Stutterers  (N=20) 


r.p.m. 

30.7 

40.0 

51.3 

60.0 

65.2 

69.8 

75.1 

80.0 

83.5 

85.4 

89.3  80.00        25.2        %.^  90.80        17.2        8.6  1.59  94 

91.3  74.70        29.4        7.9  94.70  9.9        8.4  3.00  100 


musculature  gave  the  same  general  picture  as  did  the  average 
score  for  each  speed.  This  was  to  be  expected,  since  the  optimal 
score  accounted  for  a  third  oi  the  average  score  for  that  par- 
ticular speed.  The  CRs  were  computed  in  the  same  manner  as 
for  the  average  score.  They  presented  the  same  general  picture. 
Because  of  the  great  similaritv  of  results  these  data  are  omitted. 

These  tabulations  and  graphs  show  that  (  1  )  stutterers  are  not 
able  to  perform  a  pattern  of  movements  in  time  as  well  as  normal 
i;peakers,  and  (2)  both  stutterers  and  normal  speakers  perform 
less  accurately  when  the  rate  of  movement  increases.  The 
results  of  this  phase  of  the  experiment  (Tables  I-I\'  and  Fig.  2) 
demonstrate  that  in  the  performance  of  a  pattern  of  movements 
in  time,  stutterers  are  distinguished  from  normals  to  a  degree 
which  is  statistically  significant. 

When  the  investigation  was  begun  it  was  felt  that  stutterers 
and  normal  speakers  would  not  be  dilTerentiated  by  the  temporal 
pattern  at  slow  speeds,  but  that,  after  a  certain  speed  had  been 
reached,  normal  s]>eakers  would  do  much  better  than  stutterers. 
This  was  not  the  case,  since  stutterers  and  normal  speakers  are 
differentiated  at  all  speeds.  Yet. 'in  order  to  determine  whether 
the  performance  of  stutterers  did  tend  to  break  down  at  a  slower 
speed  than  did  the  normals,  the  data  were  treated  by  the  pro- 
cedure of  ranking  speeds  in  order  of  best  performance.     This 
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procedure  als(.  i)rovidcs  a  measure  of  the  effect  of  increasing  the 
siH-ed  of  the  stimuhis  pattern  on  the  performance  of  both  stut- 
terers and  normal  si)eakers. 

The  rank  order  of  the  various  sixreds  was  tabulated  for  each 
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individual.  Then  the  rankings  at  each  speed  were  averaged. 
This  provided  an  average  rank  order  for  the  various  speeds  of 
both  the  stutterers  and  controls.  These  average  rankings  are 
presented  in  Tables  1-IV  inclusive. 
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Fig.  3.     Average  rank  order  of  best  performance  for  each  speed  for 
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The  i(raj)h>  in  Mi^  .•>  >h"u  that  (  1  )  as  tht*  speed  increases,  the 
aiiiDunt  (;t  iX-Ttorinaiice  ermr  inerea>e>  lor  both  stutterers  and 
nnriiial  speakers;  (J)  >i.eed  has  \ery  >iniilar  ettects  n\\  bolli 
•^n)U[)>.  nanielw  aceuracy  of  perforniance  decreases  as  speed 
increa>e>  ;  (3)  the  perfurniance  of  the  stutterers  chd  not  tend  to 
break  down  at  a  >lo\\er  s[)eed  than  did  the  normal  speaker^,  but 
there  \\a>  an  increasing;  chrticuhv  of  jierionuance  tor  both  ,:L;roups. 
1  here  I  ore,  these  tal)uIations  and  i;raph>  show  that  the  speed 
factor  wa>  not  the  element  that  ditterentiated  >tutterers  froni 
normal  speakers. 

(Jiialitativc  diitu.  Ahhoui^h  the  major  contributiini  of  this 
stud\  may  be  tlie  ih>co\ery  that  normal  ■^peakers  and  stutterers 
are  (juantitativel\'  dilfereiitiated  in  their  i)erlormance  ot  a  tem- 
poral movement  pattern  with  the  s])eech  muscuiatiu'e.  -•^o  many 
(|ualitati\e  dit"ferenti;e  occurretl  that  it  was  telt  ai>i)ro[)riate  to 
include  them  as  a  part  ot  the  report. 

in  i^eneral  it  ma\'  be  said  that  recordings  made  by  stutterers 
were  verv  irregular  when  compared  to  those  oi  noimal  speakers, 
rpon  anal\sis  of  these  irregularities,  it  was  found  that  they 
could  be  classitietl  in  term>  of  the  lollowiui;"  luajor  categories: 
(  1  )  breaks  (  ;'.(•..  failure  at  a  certain  Sjjeed  as  indicated  by  an 
averaL,^'  score  of  U)()  at  that  speed);  lii  rexersals  of  temporal 
intervals  of  the  m<»\enient  pattern;  (  .^  )  too  m;m\-  mo\ements 
(/.('.,  more  than  four  niowments  )  in  the  periormance  pattern; 
(4)  too  few  mo\c-ment>  (/.(".,  three  moxeineiit--  or  le^s  )  m  the 
perform.ance  pattern;  (5)  small  mo\emeiit>  ^uperimpi  i>ed  on  the 
lar^e  nio\ement>  of  the  peitoiin.ince  palti-rii  ;  ,ind  Mi)  block>, 
both  tonic  and  clonic,  in  the  periormance  i),ittern.  l""x.'nni)les 
from  each  of  these  cl.'i>>es  of  irreL;ularitie>  ,ire  shown  in  {•"iL,'>  -I— '> 
inclusive.  These  irre^ul.iritiis,  classilifd  undei'  the  \,ii"ion>  cale- 
t^ories,  \scre  tabnbited  ,ict-ordinL;  to  the  number  ot  oi-eurrences  at 
each  sp(,H-d  llie  tot.il  number  ot  occurrtiices  iiir  lach  catei^ory 
w.is  found  and  llu-  percentage  tor  the  two  groups  b.ased  upon  a 
po>^ible  J,SS()  occurrences  was  .isi-i.'rt.iined  I  he  results  are 
>.,'i\-eti  in  'r.'ible  \' ;  the\   AW  L.;r.ipliii'.ill\'  shown  in   bi-^     10 

It  will  be  noted  tli.it  in  .ill  but  oni-  c.ite^oiy.  n.imel),  ton  iiwv 
mo\(  incuts.'   tlu-   total    number   of   occmrences   .ind   pt-rciutaL^e   ot 
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F]G.  4.  Type  1  :  Failure  of  performance  pattern. 
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FiG.   5.     Type  2:   Reversal   of  temporal   intervals   on   the  performance 

pattern. 


Fir,.  6.  Type  3  :  Too  many  movements  in  the  performance  pattern. 
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Fig.  7.     Type  4 :  Too  few  movements  in  the  performance  pattern. 
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Fig.  8.     Type  5  :  Small  movements  superim])ose(l  on  the  larjie  movements 

of  the  performance  pattern. 
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Fig.  9.    Type  6  :  Block  of  the  performance  pattern. 
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Fig.  10.     Qualitative  differences  in  the  performance  pattern  of  normal 
speakers  and  stutterers  at  each  speed. 
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(icciirrences  of  ilie  irrt-milaritics  were  nuich  i^rcatcr  for  the  stiit- 
terin^  than  for  the  non-stuttering'  gronji.  I  he  total  nuni1)er  of 
irregularities  in  the  cates^ory  oi  '  too  lew  movements  '  was  nearly 
e(|ual  for  the  twd  groups,  non-stutterers  slightly  surpassing  the 
stutterers. 

In  general,  hoth  stutterers  and  normal  s])eakers.  in  the  first 
three  eategories  listed,  showed  ;in  increase  in  the  number  (if 
irregularities  with  rm  increase  m  the  rate  oi  niox'ement.  \''<>r  all 
speeds,  stutterers  had  a  greater  numher  of  irregularities  than  did 
normal  speakers.  In  the  categorx'  of  'to(»  few  movements.' 
stutterers  and  normal  sjieakers  closely  rescmhled  each  other, 
normal  s]!eakers  ha\ing  a  slightly  greater  numher  ol  irregulari- 
ties. In  hdth  groujis  there  was  an  increasing  numher  ol  irregu- 
larities with  the  increasing  rate  n\  mo\ements.  Stutterer^  pre- 
sented a  greater  Ireipiencv  ol  the  incidence  ot  small  mo\-ements 
suj>erimj)osed  upon,  larger  moxements  of  the  pertormance  pat- 
tern. 1  he  numher  ol  (occurrences  ot  this  irregularil\-  dues  not 
increase  with  the  increase  in  the  rate  of  moxemt'nt.  hut  in  h(»th 
gr<!Ups.  the  numher  ot  nccurrences  remains  f;iirl\-  constant, 
."stutterers  greatly  exceeded  the  normal  sj)(.akers  on  the  numher 
of  hlocks.  I'jghteen  of  the  20  stutterers  and  onl\-  four  of  the 
20  noriual  speakers  ]>rescnted  this  irregularity.  The  numher  of 
hlocks  of  the  stutterers  increased  with  the  increase  of  movements. 

The  results  of  this  phase  ol  the  experiment  as  gi\en  in 
1  ahle  \  and  I'ig.  10.  demonstrate  that  in  tlie  ])erformance  of  a 
pattern  ot  movements  in  time,  stutterers  are  (pialitativeK-  inferior 
to  normal  sjieakers. 

/ '.  SiiiiiiiKiry.  This  experiment  sought  to  answer  the  (pies- 
lion:  are  stutterers  int(.-rior  to  normal  -^licakers  in  the  use  of 
sjK-ech  nnisculature  in  a  non-speech  act"'' 

Prom  the  \ari(iUs  hiJatei'alK'  innerwited  nuiscnlatures  in\dl\ed 
in  sjieech.  those  of  the  jaws.  lips,  tongue,  and  hr(.'athing  were 
selected  lor  study.  Twenty  stutterers  and  20  normal  speakers 
were  reijuired  to  re]iro(luce.  with  each  of  the  aho\e  nuiscle  groujjs 
in  Imn.  a  temporal  ])attern  of  clicks  from  an  auditor\-  stinuilation 
ajtparatus. 

The   stimulus   ])attern    was   given   at    12   dilTerent    speeds;   the 


SPEECH  MUSCULATURE  OF  STUTTERERS  49 

method  of  scoring  provided  a  measure  of  both  the  speed  and 
accuracy  factors  involved.  The  correspondence  of  the  perform- 
ance pattern  to  the  stimulus  pattern  was  measured,  and  statisti- 
cally significant  differences  between  the  stuttering  and  normal 
speaking  groups  were  found.  The  average  rank  order  of  the 
best  performance  for  the  various  speeds  showed  that  the  speed 
factor  was  not  the  element  that  differentiated  stutterers  from 
normal  speakers. 

Many  qualitative  differentiae  occurred  between  the  records  of 
stutterers  and  normal  speakers.  These  were  classified  in  the 
following  categories:  (1)  breaks,  i.e..  failure  oi  performance  at 
a  certain  speed;  (2)  reversals  of  the  temporal  intervals  in  the 
movement  pattern;  (3)  too  many  movements  in  the  performance 
pattern;  (4)  too  few  movements  in  the  performance  pattern; 
( 5 )  small  movements  superimposed  on  the  large  movements  of 
the  performance  pattern ;  and  ( 6 )  tonic  and  clonic  blocks  of  the 
performance  pattern.  An  analysis  of  these  irregularities  demon- 
strated that  stutterers  are  cjualitatively  distinguished  in  tyj>e  of 
performance  from  normal  speakers. 

Stutterers  were  inferior  to  normal  speakers  in  their  ability  to 
perform  a  silent  pattern  of  movements  in  time  with  the  speech 
musculature.  Therefore  the  hypothesis  upon  which  rests  the 
cerebral  dominance  theory  of  stuttering,  namely,  that  stutterers 
lack  a  dominant  gradient  sufficient  to  integrate  the  bilateral 
speech  musculature  (which,  when  acting  as  a  unit,  must  perform 
a  pattern  of  movements  in  time),  is  in  part  substantiated. 
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AN  ANALYSIS  OF  ASSOCIATIVE  AND  PREDISPOSING 
FACTORS  IN  THE  SYMPTOMATOLOGY 
Ol-^  STUTTERING 

by 

Ar.oxzo  MoRLiiY 

/.  Introduction.  In  recent  years  tliere  have  l)een  many  lab- 
oratory investij^ations  of  stuttering;.  The  three  physiological 
systems  used  in  the  speaking  act,  the  resjjiratory,  articulatory  and 
phonative.  have  i)een  investigatetl  in  both  normal  speakers  and 
stutterers,  and  comparisons  have  been  made  and  conclusions 
drawn  in  regard  to  certain  as-pects  of  the  nature  of  stuttering. 
It  has  been  demonstrated  that  the  stutterer  ditTers  from  the 
normal  speaker  in  various  measures  of  the  physiological  func- 
tions of  the  three  systems  mentioned  above.  He  exhibits  mainly 
an  apparent  lack  of  nuiscular  co-ordination  necessary  t*)  i)roduce 
synergic  functioniiig  of  these  physiological  units. 

In  general  two  lines  of  investigation  have  been  followed: 
(1  )  the  determination  of  abnormalities  that  appear  in  the  func- 
tioning of  the  three  systems;  (2)  the  determination  of  variability 
in  the  various  measures  of  function  of  these  systems  in  which 
wide  variability  from  the  mean  of  the  normal  speaker  has  been 
taken  as  an  indication  of  dysintegration. 

Older  than  the  history  of  these  objective  measures  are  certain 
observations  concerning  the  psychic  nature  of  stuttering.  The 
stutterer  himself,  and  la\inen  who  have  observed  him,  have  been 
struck  with  the  unstable  nature  of  the  malady  in  regard  to  the 
time,  place  and  circumstances  of  its  appearance.  Among  the 
things  which  have  been  noted  are  the  following:  actors  who 
stutter  almost  continuously  in  ordin.ary  conversation  are  able  to 
l)lay  parts  on  the  stage  with  sureness  and  abandon;  stutterers 
rarely  stutter  when  they  sing;  the  stutterer  has  little  or  no  diRi- 
culty  when  he  is  alone;  certain  words  and  sounds  are  more  difti- 
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cult  than  others   for  stutterers ;  and  stutterers  have  less  or  no 
difficulty  when  someone  else  reads  with  them. 

One  piu'pose  of  the  present  study  was  to  bring  together  the  two 
areas  presented  above,  i.e.,  analyses  and  measurements  of  the 
functioning  of  the  three  physiological  systems  in  stuttering,  and 
observations  of  the  manifest  variability  of  the  disorder  in  vary- 
ing speaking  situations.  One  aim  was.  then,  to  answer  the  fol- 
lowing questi(Mi ;  what  changes  in  the  f  recpiency  of  appearance 
of  abnormalities,  and  what  variability  of  certain  measures  of 
physiological  function,  are  the  result  of  changes  in  the  situation 
in  which  the  stutterer  uses  his  speaking  mechanism? 

A  second  purpose  of  the  study  was  to  attempt  to  find  an 
explanation  for  the  differences  that  exist  between  the  normal 
speaker  and  the  stutterer  in  measures  of  physiological  function. 
If  these  measures  were  found  to  vary  from  situation  to  situation 
in  the  stutterer  then  the  aim  was  to  discover  the  manner  in  which 
these  changes  in  function  are  related  to  the  phenomena  of  stut- 
tering. Put  in  the  form  of  a  question  this  problem  would  be : 
are  changes  in  measures  of  physiological  function  occurring  in 
the  stutterer  expressions  of  the  stuttering  spasm  itself,  or  are 
these  changes  the  reactions  of  functioning  physiological  systems 
to  stuttering? 

//.  Af>paratus  and  procedure.  This  study  involved  an  investi- 
gation of  three  physiological  processes  under  eight  experimental 
conditions.  The  three  processes  were :  movements  of  the  eyes 
in  reading,  breathing,  and  the  action  of  the  masseter  muscles  in 
articulation.  The  eight  experimental  conditions  were  silent  read- 
ing and  speaking  situations. 

It  was  desirable  to  keep  the  spoken  content  of  the  situations  as 
nearly  alike  as  possible  in  vocabulary,  style,  subject  matter,  and 
familiarity  to  .9.  To  accomplish  this  the  material  for  each  of  the 
five  situations  used  was  from  the  same  source,  a  chapter  of  easy 
prose  in  Crawford's  "Technique  of  Research  in  Education."  The 
entire  book  is  written  in  an  easy,  free-flowing  style,  and  this 
chapter  was  particularly  free  from  unfamiliar  words  and  technical 
ideas.  It  consisted  of  good  common  sense  advice  on  the  technique 
of  obtaining  interviews  in  gathering  data  for  educational  research. 
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Two  nf  the  tcchni(|ucs  of  invcstif^^'ltion,  eye-movement  and 
action  current  recor(lini,^  used  ex])ensive  photoi^M-aphic  film.  For 
that  reason  the  situations  were  held  to  the  minimum  length  com- 
])atil)le  with  obtaining  a  fair  sample  of  performance. 

Witl  tliese  experimental  considerations  and  limitations  in  mind 
the  following  situations,  using  material  from  the  alxtve  source, 
were  decided  upon:  (  1  )  silent  reading  of  75  words:  (2)  ordinary 
oral  reading  of  ^4  words;  (3)  relaxed  oral  reading  of  59  words; 
(4)  reading  ?()  words  orally  witli  /:  ;  (3)  reading  of  63  words 
while  alone. 

Situations  using  other  material  were  included.  (6)  Reading 
diffictilt  sound>  oralK' — ])re-determine(l  difficult  soimds  were  used 
in  a  sentence  or  two  which  made  from  two  to  three  lines  on  the 
stimulus  card  of  the  oculo-photometer.  for  exam])le.  "  The  large, 
lazv.  leather-lunged  lout  lunged  low  and  laughed  lots  louder  than 
Lillv  Long,  the  lather's  lame  lady."  l-'or  the  eye-movement 
studv  this  situation  was  too  short.  l^or  breathing  and  action 
current  recording  longer  selections  similarly  comjjosed  were  used. 
(7)  Reading  oralK"  semi-memorized  poetry,  30  words — eight 
lines  of  Robert  //'.  Srnncc's  i)oem.  "The  Shooting  of  Dan 
McCirew,"  were  used.  This  situation  ])roved  imsatisfactory  due 
to  variation  in  the  degree  of  memorization  achieved.  In  an 
attem])t  to  eliminate  this  factor  in  the  breathing  experiment, 
oral  reading  of  familiar  jioetry  was  tried.  This  also  ])roved 
imsatisfactory  and  the  situation  w.'is  not  used  in  the  action  cur- 
rent ex])eriment.  ( {^  )  Sjjeaking  ])ropositionall\- — .S's  spoke  for 
ajiproximately  one  minute.  This  situation  was  not  used  in  the 
c  \e-movement   exjieriment. 

It  was  desirable  to  kee]>  the  jihysical  conditions  rif  the  exjieri- 
ments  as  nearly  constant  as  possible,  to  axoid  wariations  in  .Vs 
due  to  the  passage  of  time  and  effects  of  clinical  therapy. 
yXccordinglv  the  entire  series  of  situati(nis  was  gi\en  in  each 
ex])eriment  with  one  setting  of  \hv  recording  apjiaratus.  A 
|>eriod  of  time  elapsed  between  the  three  general  experiments, 
liye-movements  were  taken  in  Oct.  and  Xov.,  1^34.  breathing 
in  March.  l*'.-)3.  and  the  action  currents  in  .Xjiril  and  May,  1933. 

In    all    situations    but    readinj/    while   alone,    /:    was    the    onlv 
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audience  with  the  exception  that  during  the  recording  of  the  eye- 
movements  of  six  5s,  one  other  person  was  present.  For  record- 
ing eye-movements  a  special  eye-camera  known  as  the  oculo- 
photometer  (15)  was  used.  A  special  head  holder  was  devised 
to  eliminate  head  movements.  The  recording  was  done  on 
Eastman  panchromatic  35  mm.  him ;  the  speed  of  the  film  through 
the  motor  driven  camera  was  12.7  mm.  per  sec.  During  the 
recording  of  eye-movements  .S'  was  asked  to  look  at  an  X  in  the 
center  of  a  card  in  the  holder  of  the  camera.  The  beams  of  light 
reflected  from  the  corneas  of  the  eyes  were  adjusted,  and  the 
lights  were  brought  into  sharp  focus  on  the  film.  5  then  was 
asked  to  read  some  material  explaining  eye-movements  which  was 
on  this  focusing  card.  While  he  did  this  his  eye-movements 
were  observed  and  any  needed  adjustments  of  the  camera  were 
made.  Focus  and  position  of  beams  on  the  film  were  checked 
at  the  beginning  of  each  situation.  With  the  exception  of  one  -S" 
there  was  no  apparent  emotional  reaction  to  the  recording  of 
eye-movements. 

Records  were  taken  in  the   following  order  with  instructions 
as  indicated ; 

Silent  rcadiiuj.  Instructions  :  "  The  first  thing  that  I  want  you  to  do  is  to 
read  a  card  which  is  below  this  card  that  you  have  just  read  and  which  I  want 
you  to  start  reading  as  soon  as  I  raise  this  first  card.  Read  it  silently  in  your 
ordinary  manner  of  silent  reading.  When  you  are  through  reading  close  your 
eyes  as  a  signal  to  me  that  you  have  finished."  Camera  was  started  and 
records  made. 

Ordinary  oral  reading.  Instructions  :  "  I  want  you  to  read  this  next  card 
aloud.     Read  it  as  you  would  read  aloud  ordinarily." 

Relaxed  oral  reading.  Instructions  :  "  This  time  I  want  you  to  read  in  as 
easy  a  manner  as  you  possibly  can.  If  you  have  learned  a  pattern  which  makes 
your  speech  easier  I  want  you  to  use  it.  If  not  I  want  you  to  read  in  as  relaxed 
a  manner  as  possible.     Take  all  the  time  that  you  need." 

Reading  orally  ivith  E.  Instructions :  "  This  time  you  and  I  are  going 
to  read  together.  I  shall  read  along  with  you  from  this  copy  that  I  have.  Let 
us  try  the  first  line."     (The  line  was  read.) 

Reading  orally  -while  alone.  Instructions  :  "  This  time  I  am  going  to  let  you 
take  your  own  picture.  I  shall  leave  the  room  and  go  far  enough  away  so  as 
not  to  be  able  to  hear  you.  No  one  will  be  able  to  hear  you.  I  shall  focus  the 
lights  so  that  we  may  get  a  good  sharp  record.  Now  I  want  you  to  put  your 
hand  on  this  switch.  (Hand  of  5"  was  directed  to  the  switch.)  Keep  it 
there  during  the  time  that  the  record  is  being  taken  so  that  you  will  not  move. 
Try  the  switch.  Push  it  down.  Up.  You  see  that  it  starts  the  motor.  All  is 
ready  now.     Here  is  the  card.     When  I  am  out  of  the  room,  start  the  camera 
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and   read  the  card."     /;   rctirtd  and   did  not    return   until   ample  time  had   been 
allowed  for  the  recording. 

Rcadiini  orally  prcdctcnuincd  difficult  sounds.  Instructions  :  "  What  sounds 
do  you  have  the  most  difficulty  with?"  S  would  list  two  or  three.  "Well, 
let's  try  this.     Please  read  the  card." 

Rcad'uui  orally  srini-mniiorisrd  fortry.  Instructions:  "Do  you  know  the 
'  .Shootin'  of  Dan  McGrew'r  Well,  here  arc  a  few  lines  of  it.  Read  it  over  a 
few  times  until  you  get  these  lines  well  in  mind.  You  will  have  the  card 
before  you  all  of  the  time  during  which  we  take  the  record,  bu*  I  want  you  to 
become  thoroughly  familiar  with  it  before  we  take  a  picture.  Tell  me  when 
you  think  that  you  have  it  reasonably  well  memorized."  The  record  was  taken 
after  .S  informed  /:  that  he  had  the  .short  passage  memorized. 

S/H-akiiig  propositioiially.  Instructions  :  "  This  time  I  want  you  to  talk  for 
one  minute  about  something  that  you  are  interested  in — your  school  work,  your 
hobbies,  or  perhaps  something  about  your  home  town." 

'Jlie  ajjparatus  for  recording  breathing  consisted  of  a  large 
stationary  kyniograj)!!  and  two  Marey  tambours  connected  by 
heavy-walled  rubber  tubing  to  two  Harvard  pneumographs,  one 
of  which  was  placed  around  the  thorax  at  the  level  of  the  arm 
pits,  and  one  around  the  abdomen  at  the  level  of  the  umbilicus. 
A  magnetic  signal  marker  was  used  to  indicate  the  overt  spasms 
of  the  stutterer  as  the  records  were  taken.  A  Jaquet  chronometer 
was  used  to  record  time  in  intervals  of  /,=,  sec. 

For  the  breathing  records  male  6"s  removed  all  clothing  and 
female  As  any  heavy  outer  clothing  above  the  waist. 

An  attempt  was  made  to  get  a  record  of  at  least  20  complete 
respiratory  cycles  for  each  situation.  This  was  not  always 
possible.  In  the  analysis  no  record  of  less  than  15  comj)lete 
cycles  was  used.  Vor  the  entire  grouj)  there  were  onlv  two 
records  used  in  the  (]uantitative  com])utations  with  less  than  18 
complete  cycles. 

The  eight  situations  outlined  above  were  used.  It  was  neces- 
sary to  record  f(»r  longer  periods  of  time  than  in  the  eve-move- 
ment and  action  ciu'rent  experiments  in  order  to  get  the  recpiired 
number  of  resjiiratory  cycles.  .Vs  were  given  the  book  and 
a.sked  to  read  the  selections  until  a  sufficient  number  of  breathinjr 
cycles  were  recorded.  The  order  of  experimental  situations  was: 
ordinary  oral  reading,  silent  reading,  relaxed  oral  reading,  read- 
ing with  /:,  reading  orally  while  alone,  reading  difficult  sounds, 
reading   familiar  ])oetry  and   speaking  propositionallv. 

In   analyzing  the   breathing  records,   Fosslcr's   (7)    technique 
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was  employed  to  measure  the  amplitude  of  inspiration  and 
expiration  and  the  duration  of  inspiration  and  expiration  of 
curves  made  by  the  tambours  connected  to  the  pneumograph 
around  the  thorax.  One  modification  of  this  method  was  made. 
After  correction  for  the  arc  of  the  tambour  lever  as  outlined  by 
Fossler  was  provided  for,  the  measuring  points  were  punched 
through  the  paper  on  the  base  line  with  a  short  metal  stylus.  The 
record  was  then  passed  over  an  illuminated  reading  box.  The 
corrected  durations  of  the  breathing  curves  were  obtained  by 
measuring  the  distances  between  the  small  points  of  light  on  the 
record. 

For  studying  the  movements  of  the  masseter  muscles,  two 
matched  non-interfering  amplifier-oscillograph  units  were  used 
to  record  action  currents  ( 20).  A  signal  circuit  was  used  to 
signal  the  recognition  of  an  overt  spasm.  This  appeared  on  the 
record  in  the  form  of  a  small  but  definite  deflection  of  the  signal 
line.  The  film  was  driven  at  a  constant  speed  of  4.8  cm.  per 
second.  The  electrodes  placed  on  the  muscle  were  made  of  thin 
brass  strips  covered  with  Canton  flannel  saturated  with  concen- 
trated saline  solution.  One  pair  of  these  electrodes  was  placed 
over  the  right  masseter  muscle  and  the  other  over  the  left  mas- 
seter muscle.  The  distance  between  the  two  brass  strips  for  each 
electrode  was  approximately  one  cm.  The  electrodes  were  care- 
fully placed  on  the  muscles  to  insure  accurate  recording.  Time 
intervals  of  1/25  sec.  were  produced  by  a  low-frequency  oscillator. 
All  recording  was  done  on  Ea.stman  No.  1  35  mm.  sensitized 
paper.  Six  of  the  eight  situations  outlined  in  the  eye-movement 
experiment  were  included  in  this  part  of  the  study.  They  were 
given  in  the  following  order :  ordinary  oral  reading,  silent  read- 
ing, oral  reading  of  difficult  sounds,  reading  orally  with  E  and 
speaking  propositionally.  The  instructions  used  in  the  eye- 
movement  and  breathing  experiments  were  given  to  5"s  in  this 
experiment. 

///.  Subjects.  Ss  for  the  experiments  in  this  study  were 
stutterers  enrolled  in  the  speech  clinic  at  the  State  University  of 
Iowa.  For  the  eye-movement  exjjeriment  21  white,  male  stut- 
terers ranging  in  age  from  18  to  29  yrs.  and  four  white  female 
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Stutterers  ran^iu^  in  ai^e  from  17  to  29  yrs.  were  used.  A  group 
drawn  from  the  stutterers  was  used  for  tlie  breathing  experiment. 
It  consisted  of  1  1  white  male  stutterers  ranging  in  age  from  19 
to  .•).■>  yrs.  and  five  female  stutterers  ranging  in  age  from  17  to 
22  yrs.  For  the  acticjn  current  e.xperiment  a  group  consisting  of 
eight  white  male  stutterers  ranging  in  age  from  18  to  li  yrs. 
and  two  white  female  stutterers  of  17  and  11  \rs.  were  used. 
Of  the  lO  stutterers  used  in  the  breathing  e.xperiment.  eight  had 
been  used  in  the  e\e-movenient  series.  O)  the  10  stutterers  used 
in  the  action  current  e.xperiment  six  had  been  used  in  the  breath- 
ing experiment  and  four  in  both  the  eye-movement  and  Ijreathing 
e-xj^eriments.  All  stutterers  were  well  adjusted  to  the  experimental 
situations  and  were  otherwise  typical  of  cases  commonly  encoun- 
tered in  speech  clinics. 

//'.    Results. 

Eye-Mui'ctucnts 

The  analysis  of  eye-movement  records  consisted  of  measuring 
the  number  of  hxations  per  line,  duration  of  fixations,  reading 
time  jjer  line,  and  number  f)f  regressions  per  Hue.  The  mean, 
SD,  and  SK„,  were  computed  for  each  of  these  four  measures  of 
eye  activity. 

A  small  j)rojection  screen,  consisting  of  a  sheet  of  white  pajjer 
laid  off  in  stpiare  centimeters,  was  made.  Then  on  the  emulsion 
side  of  a  piece  ot  clear  film  a  one  cm.  scpiare  was  verv  carefully 
drawn  with  a  pin-point.  A  tilm  projector  was  used  to  sui>erp()se 
tliis  s(p:are  on  the  screen.  The  magnification  was  adjusted  until 
the  scpiare  on  the  film  covered  100  scp  cm.  on  the  screen,  thus 
enlarging  the  S(|uare  on  the  film  10  times.  The  records  of  eye- 
movements  were  then  projected  on  the  screen  and  the  measure- 
ments were  made  directly  from  the  lines  on  the  screen.  The 
distance  between  two  lines  on  the  screen  represented  a  distance 
of  one  nnn.  on  the  film.  l>y  this  method  estimates  in  .1  mm. 
were  made  where  the  individual  eye-movement  did  not  fall  exactly 
on  a  line.     All  measures  were  rechecked  and  errors  corrected. 

After  mean  duration  of  fixation  and  mean  reading  time  i>er 
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line  were  computed  in  terms  of  mm.,  the  values  were  converted 
to  ms. 

In  the  experimental  situation,  which  in  the  case  of  the  eye- 
movement  ex{)eriment  consisted  entirely  of  reading  situations, 
some  of  the  ^"s  did  not  stutter.  This  fact  was  noted  at  the  time 
the  record  was  taken.  When  the  computations  had  heen  made 
the  Ss  were  divided  into  two  groups.  The  non-affected  group 
consists  of  those  stutterers  in  whom  the  potentiality  for  stutter- 
ing was  not  realized  during  the  testing  situation.  The  affected 
group  consists  of  those  stutterers  in  whom  the  potentiality  for 
stuttering  was  expressed  in  actual  overt  spasms.  Statistically 
treated  differences  between  the  groups  will  be  presented. 

Numher  of  fixations  per  Hue.  In  Table  I  appear  the  records 
of  the  two  groups  analyzed  as  to  mean  fixations  per  line.  The 
value  for  silent  reading  may  be  considered  as  the  natural  response 
of  the  eyes  in  reading  when  no  combined  action  with  the  voice  is 
denianded.  Comparison  of  the  groups  in  this  situation  gives  a 
basis  for  evaluating  the  etfect  of  stuttering  in  the  oral  reading 
situations. 

Inspection  of  the  table  shows  that  the  values  for  the  groups 
are  approximately  the  same  in  the  silent  reading  situation.  In 
oral  reading  situations,  values  for  the  non-afifected  group  are 
relatively  much  more  constant  from  situation  to  situation  than 
are  the  values  for  the  afifected  group.  The  values  of  the  latter 
group  tend  to  vary  widely  from  situation  to  situation.  In  the 
situation  in  which  the  Ss  read  with  E  the  value  was  lower  for  the 
affected  than  for  the  non-atTected  group.  Another  interesting 
point  about  this  particular  situation  is  that  the  value  for  the 
non-affected  group  was  next  to  the  highest  in  the  series,  while 
that  of  the  afifected  group  was  next  to  the  lowest  for  the  six  oral 
reading  situations.  Both  groups  have  the  highest  scores  in  the 
situation  where  they  were  asked  to  do  relaxed  reading.  The 
groups  are  approximately  equal  in  silent  reading,  reading  semi- 
memorized  poetry,  and  reading  alone. 

While  the  statistical  reliability  of  results  from  any  one  situ- 
ation is  not  high,  the  values  for  silent  reading,  reading  with  E, 
reading  alone,  and  reading  semi-memorized  poetry  show  no  dif- 
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fereiices  fcjr  the  two  grou[)s.  For  ordinary  readin*;,  relaxed 
readinif,  and  readinii  difficult  sounds  a  difference  existed  between 
the  groups,  in  these  situations  the  n(jn-at¥ected  grou[)  had  a 
lower  average  number  of  fixations  per  line  than  did  the  affected 
group. 

Mean  duration  of  fixation.  Table  II  shows  the  treatment  of 
the  mean  tluration  of  fixation  for  the  two  groups  of  stutterers. 
Tile  tendency  for  values  of  the  non-affected  group  to  remain 
relativelx'  constant  in  th.e  oral  reading  situations  is  nuich  more 
marked  with  regard  to  average  duration  of  fixation  than  with 
regard  to  average  number  of  fixations  [k^v  line.  In  the  affected 
group  there  is  a  great  deal  of  \ariation  from  situation  to  situation 
with  respect  to  mean  duration  of  hxation.  Table  II  indicates 
that  for  the  silent  reading  situation  the  groups  are  very  nearly 
alike  in  this  eye-movement  measure.  A  small  difference  between 
them  exists  in  three  situations:  reading  with  E,  reading  while 
alone,  and  reading  memorized  poetry.  A  comparatively  large 
difference  exists  in  the  case  of  ordinar\'  reading,  relaxed  reading, 
and  reading  difficult  sounds. 

The  variabilit}-  in  mean  duration  of  fixation  was  great.  The 
SD  from  the  average,  given  in  Table  III,  represents  the  deviation 
of  the  individual  mean  duration  of  fixation  from  the  group  mean 
duration  of  hxation.  The  general  trend  is  the  same  as  that  in 
the  mean  duration  itself.  l"he  groups  are  comparable  in  silent 
reading,  reading  alone,  and  reading  with  /i.  They  show  some 
tendency  to  be  different  in  the  semi-memorized  poetry  situation, 
and  a  definite  tendenc\  to  be  different  in  the  degree  of  variability 
in  ordinary  reading,  relaxed  reading,  and  reading  difficult  sounds. 

Another  computation  was  made  in  order  to  jjresent  more  ade- 
(juately  the  true  xariability  of  average  duration  of  fixation.  The 
SD  from  the  average  duration  of  fixation  was  computed  for  each 
individual  for  each  situation.  These  individual  SDs  were  then 
added  together.  This  sum  was  divided  by  the  nutuber  in  the 
grou)),  and  the  average  SD  of  duration  of  fixation  was  the  result. 
This  was  then  treated  statistically  as  a  mean  and  comparisons 
between  the  two  groups  were  made  l)y  this  measure.  The  results 
of  this  treatment  are  uiven  in  Table  IV'. 
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The  situation  is  much  the  same  as  in  the  other  tables.  The 
values  for  the  non-affected  group  tend  to  remain  constant  in  the 
oral  reading  situations  while  those  for  the  affected  group  vary 
from  situation  to  situation.  The  difference  between  the  groups 
is  small  in  silent  reading  and  reading  with  E.  It  is  somewhat 
greater  for  reading  alone  and  for  reading  semi-memorized  poetry, 
greater  still  for  reading  difficult  sounds,  and  relatively  great  for 
ordinary  reading  and  relaxed  reading. 

Altera gc  reading  time  per  line.  Analysis  of  the  records  for 
average  reading  time  per  line  are  presented  in  Table  V.  Here 
are  given  the  results  for  both  groups,  with  all  the  members  of 
the  affected  group  included.  Two  members  of  this  group  gave 
unusually  high  scores  on  this  particular  measure  and  a  second 
computation  of  the  measure  was  made  with  the  values  for  these 
two  individuals  eliminated.  Results  of  this  second  computation 
are  contained  in  the  lower  part  of  Table  V. 

The  picture  here  is  in  general  that  noted  for  the  other  measures. 
The  values  in  the  oral  reading  situations  for  the  non-affected 
group  again  remain  relatively  constant,  while  those  for  the 
affected  group  vary  quite  widely  from  situation  to  situation.  In 
both  groups  the  relaxed  reading  situation  is  high  in  mean  reading 
time  per  line.  The  two  groups  respond  differently  in  reading 
with  E.  The  affected  group  is  accelerated  in  reading  time  in  this 
situation  while  the  non-affected  group  is  retarded,  in  comparison 
with  their  respective  scores  for  the  ordinary  reading  and  relaxed 
reading  situations. 

When  the  two  cases  giving  abnormally  high  values  for  this 
measure  were  eliminated,  the  differences  between  the  groups  were 
reduced,  but  the  general  distribution  of  differences,  with  the 
exception  of  transposition  of  ordinary  and  relaxed  reading  situ- 
ations, remained  the  same. 

Az'erage  number  of  regressions  per  line.  In  Table  Yl  are 
presented  the  average  number  of  regressive  eye-movements  per 
line.  In  these  data  we  see  the  picture  which  is  typical  in  the  other 
measures  of  eye-movements.  In  the  non-affected  group  the 
values  for  all  oral  reading  situations  are  relatively  constant.  The 
value  for  relaxed  reading  and  reading  wnth  E  for  this  group  are 
the  highest  in  the  series. 
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F(sr  the  affected  jir()U]>  there  is  tlie  tvjncal  picture  of  variations 
from  situation  to  situation.  Three  situations,  ordinary  readin<^, 
relaxed  readinsj;  and  difficuh  sounds,  have  hit^h  vahies ;  reading 
alone  and  reading  senii-nieniorized  jvoetry  have  intermediate 
\alues.  Reading  with  /i.  which  in  the  case  of  the  non-afifected 
grouj)  was  next  to  tiie  highest,  was  for  this  group  the  lowest  of 
the  oral  reading  situations,  and  .54  regressions  j)er  line  lower 
than  the  \alue  for  the  non-affected  grou]i. 

The  most  reliable  differences  are  those  between  the  situations 
in  which  the  affected  grouj)  has  high  values.  The  two  groups 
tend  to  become  alike  in  silent  reading  and  in  those  oral  reading 
situations  where  forces  which  the  stutterer  lielieves  operate 
against  his  speaking  are  active.  Where  the  stutterer  is  on  hi? 
(iwn  res|jonsibility.  with  E  as  an  audience,  and  when  he  is  given 
words  which  he  thinks  are  difficult  for  him  to  jjronounce,  the 
<.;roup  which  is  aiTected  in  reading  situations  tends  to  exhibit  a 
definite  difference  from  the  grouj)  which  is  not  affected. 

ExpcriiucutitI  aiuilvsis  of  cyc-7'(ncc  span  lu  flic  stutterer.  Using 
the  techni(|ue  of  Lainaiisky  (13),  the  following  experiment  was 
];erformed  with  four  stutterers  as  .S's.  .S'  was  asked  to  fixate 
a  brightly  illuminated  wedge  '4  in.  long  and  j.-^  in.  wide  for 
two  minutes  in  a  dark  room.  As  soon  as  the  after-image 
a])peared.  enough  light  was  let  into  the  room  to  enable  S  to  read 
and  yet  not  enough  to  interfere  with  the  after-image  of  the  wedge. 
The  after-image  was  in  the  fovea  and  its  ]);>sition  indicated  the 
jniint  at  which  the  eyes  of  S  were  fixating. 

S  was  asked  to  indicate  the  position  of  the  wedge  when  he  heard 
a  signal.  In  a  first  series,  the  signal  was  given  at  a  time  when  S 
was  s])eaking  freely.  All  .Vs  indicated  the  existence  of  the  eye- 
voice  lead  investigated  by  J-iiis^iCcli  (3).  I'his  lead  was  relatively 
narrow,  varying  from  one-half  to  two  ordinary  words. 

The  condition  was  then  studied  at  the  time  of  the  stuttering 
spasm.  A  second  series  of  signals  was  given,  each  at  a  time  that 
the  stutterer  was  blocking.  With  few  exceptions  the  stutterers 
indicated  that  the  ])()int  of  the  wedge  after-image  was  a])proxi- 
mately  in  the  middle  of  the  word  being  fixated,  this  being  the 
word  in  relation  to  which  stuttering  was  occurring.     None  of  the 
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5"s  rejx)rted  the  point  of  the  wedge  over  the  particular  sound 
associated  with  the  difficuUy.  In  this  series  there  was  to  be 
considered  E's  reaction  time  from  the  moment  of  recognition  of 
the  block  in  the  stutterer  until  the  tapped  signal  was  produced. 
A  third  series  of  signals  was  given.  This  time  the  stutterer 
was  asked  to  indicate  the  most  advanced  point  reached  by  the 
image  of  the  wedge  before  the  signal  was  given.  Judging  from 
the  responses  of  the  four  ^'s,  one  of  two  things  happened :  either 
the  eves,  as  indicated  by  the  wedge,  remained  on  the  difficult 
word  until  the  block  occurred,  or  the  image  of  the  wedge  pro- 
ceeded from  one-half  to  two  words  ahead  and  then  when  the 
spasm  occurred,  returned  immediately  to  the  middle  of  the  word 
giving  the  trouble. 

Breathing 

The  breathing  records  were  analyzed  quantitatively  and  cjuali- 
tatively.  Amplitude  was  measured  by  considering  the  vertical 
distance  from  the  lowest  to  the  highest  point  of  the  rising  part 
of  the  curve  in  the  case  of  expiration,  and  from  the  highest  to  the 
lowest  point  in  the  falling  part  of  the  curve  in  the  case  of  inspira- 
tion. The  duration  of  each  inspiration  and  expiration  was 
measured  by  considering  the  distance  in  mm.  the  smoked  drum 
moved  during  the  time  the  breathing  movement  in  question  was 
operative.  After  means  and  SDs  were  computed  for  duration  of 
inspiration  and  expiration,  the  results  were  divided  by  12,  since 
the  kymograph  speed  was  12  mm.  per  sec.  This  converted  the 
values  from  millimeters  to  seconds. 

The  method  of  grouping  ^'s  was  the  same  in  this  experiment 
as  in  the  eye-movement  experiment.  They  were  classified  as  non- 
afifected  or  affected,  depending  upon  whether  they  did  or  did  not 
stutter  in  the  experimental  situation. 

Amplitude  of  insp'iration  and  expiration.  The  mean  amplitude 
of  inspiration  and  expiration  are  presented  in  Table  VII.  Inspec- 
tion shows  that  for  mean  amplitude  of  inspiration  the  non- 
affected  group  is  consistently  higher  than  the  affected  group  (no 
measurement  of  amplitude  of  inspiration  or  expiration  was  made 
for  the  silent  reading  situation  in  either  group).  Both  groups 
varv  consistentlv  from  situation  to  situation.     Both  groups  have 
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comparatively  small  amplitude  for  reading  with  E  and  speaking 
propositionally.  The  values  for  the  affected  group  tend  to  be 
much  more  constant  than  the  values  for  the  non-affected  group. 
The  latter  condition  is  opposite  to  that  which  prevailed  in  all 
measures  of  eye-movements. 

Similar  data  for  the  average  amplitude  of  expiration  are  given 
in  the  lower  part  of  Table  VII.  The  values  in  this  table  show 
only  minor  differences  from  the  values  with  regard  to  amplitude 
of  inspiration.  The  same  order  holds  throughout  the  table  for 
the  averages,  the  differences  between  the  averages,  and  the  relia- 
bility of  the  differences  between  the  averages. 

The  two  methods  of  variability  computation  which  were  used 
in  average  duration  of  fixation  of  eye-movements  were  also  used 
in  quantitative  measures  of  the  breathing  records.  First  there 
was  the  SD  of  the  mean  of  the  individual  from  the  average  of 
the  group.  This  indicates  the  variability  within  the  group  from 
individual  to  individual.  Second,  the  mean  SD  was  computed 
as  outlined  in  the  eye-movement  data  on  duration  of  fixation. 

The  results  of  application  of  the  first  method  appear  in 
Table  VIII.  Here  it  is  shown  that  the  variability  of  the  non- 
affected  group  tends  to  be  consistently  greater  than  that  of  the 
affected  group  in  amplitude  of  inspiration.  The  difference  in 
variability  tends  to  be  small  in  reading  with  E  and  speaking 
propositionally.  It  rises  to  an  intermediate  value  for  ordinary 
reading  and  reading  alone,  and  is  greatest  for  reading  difficult 
sounds.  The  values  from  situation  to  situation  in  this  measure 
tend  to  remain  constant  for  the  affected  group  and  show  much 
variation  for  the  non-affected  group. 

Inspection  of  the  lower  part  of  Table  VIII  shows  that  what  is 
true  for  variability  of  mean  amplitude  of  inspiration  holds  true 
for  the  similar  measure  of  expiration.  There  is  a  tendency  for 
the  affected  group  to  vary  more  from  situation  to  situation  than 
in  the  measure  of  amplitude  of  inspiration.  The  statistical  relia- 
bility of  these  measures  is  not  conclusive.  There  is  evidence, 
however,  that  some  factor  in  the  affected  group  is  operating  to 
cause  smaller  amplitude  and  less  variability  than  are  present  in 
the  non-affected  group. 


68 


ALONZO  MORLEY 


"5 
tfc. 

e 
5 


2  c 


"So 


c 
5 


< 


•-  c 
rt  . - 

c  o 


O 


t:   <» 

03 

"^-'^ 

3 

^ 

(/: 

c  -S 

M) 

o 


c 


iJJ 


I- 

c 


D 


CI  rj- 


-^  —    I^ 


+1 


o 

LTV 


5  o  00 
re  1  o  Tt 


C'^g 


(X 

+  1 
o 


c/. 


o     S  o^ 
re    ^  -^"^ 


m 


5* 

o 

O 


00 

+1 


t-1    ^O  00 


+1 


o 


+1 


a. 

DC 


vC  0 

10 

\C  '— ' 

tv-j  r^ 

•*^    tr. 

0 

re  •- 

u. 

0- 

JZ    d, 

<u 

"^ 

■^  0 

N 

;^ 

r^ 

-a 
<u 

-0 

0  53 

re 

re 

'■ri  -5 

0 

"J     n 

u   u 

re 

1       <J 

cd 

^  i: 

u. 
bJt 

^< 

Oi 

0 

C 

r>. 

ly". 

_     _ 

t^ 

+1 

VD 

10 

t^ 

^ 

r^l  t^ 

10 

re 

t^  1^1 

1' 

+1 


o 


-^1  Tf 

■0 

c 
re 

+1 

<: 
oc 

g 

re 

'q. 

X 

W 

<^ 

<^  -^ 

Q 

0^ 

CC 

+1 

00' 

re 


,<  1-  '^j 


CI 


<^i 


.    ■. 

oc 

1^ 

so 

0  ^^> 

•^I 

r^  -^ 

r*~i  r/^ 

-*-* 

■-A. 

0 

re 

••"• 

u 

^ 

x; 

<u 

(U 

.k. 

'^J 

0 

N 

•0 

ct;  (u 

Oh 

c 

0 
0 

it: 

■5 

re 

1- 

rt  li 

re 

0 

tL' 

re 

1   0 

1) 

it 

re 

U 

^<    C    ■_) 


FACTORS  IN  THE  SYMPTOMATOLOGY  OF  STUTTERING      69 


ca 


13  ~ 


"2  ^ 


a 


s 


"13 

s 

a 


X 


be  oi 

■S  § 

o-  o 


■C-. 


~  =    .2 


•Si 


13 

n 

(Ll 

Pi 

o 


-a 
c 

D 

o 


tij 


C 


Q 


' — ^    On  \0 
m       ■      ■ 
to    '-' 


<        - 


3 
(A 


Q 

b 


O 

O 


r^  f^l 


+1 

ON  00 


OS 


o 

o 

fM 

+1 


OC 
0\ 


^    O  ON     o 

I— J     \0  LO 


Q 


Q 

'Tl 


Q 


s- 

?s 

— ' 

\ 

10    ^H 

On  'On 

+1 

ON 

<N^    C^l 


Q 

to 


Q 
en 


ON   ^O 

<^1 

0 

<^1 

+1 

'O  0 

0 
0 

sO<vi 


s. 


Q 

XT)  r^ 

^1 

Q 

en 

r^ 

en 

b 

'I- 

ON 

b 

G 

CX3  0 

00 

Q 

en 

LO  t^o 

OJ 

0 

en 

*» 

CJ 

N 

— 

0 

c 

^ 

•a 

c 

0 

'1* 

rt 

-*-• 
0 

CL, 

.c 

'i: 

^ 

•0 

^ 

<u 

rt  ■" 

?3 

CJ 

<u 

rt 

1      CJ 

3 

11 

oar 

d 

t- 

:^< 

(5 

u 

■O  On 


t^    ON 

ON  r^ 


i/^  00 


T3 
o 

03 


C    1^ 
OiC 


On 


00  rNi 

Q 

1^1  LO 

LO   ^ 

0 

0   'nC 

-r 

r^ 

en 

r-^ 

"— ' 

\ 

b 

'"^ 

^ 

w 

ON 

+1 

NO 

ON. 

x>~ 

0 

0   '^ 

<^\ 

c 

Q 

•nC    0 

CO 

ON    0 

0 

ot^ 

ro 

en 

fO 

10  !>! 

■4-* 

ctl 

0  ^1 

u. 

0. 

X 

w 

^  'O 

G 

■ON  0- 

O"-' 

00 

O'i- 

p 

en 

<^l 

^^ 

1 

b 

^^ 

^ 

+1 

0 

0\ 

+1 

On 

■^ 

1^1 

•On  lo 

LO 

G 

■*  t^ 

0 

00  ^. 

0  0 

1^1 


■00 


II 


00 


1^1 


W 

CL, 

T3 


r;    « 


G 


O     U  ™ 

=  =  t: 

_gi:  ba 
U 


70  ALONZO  MORLEY 

The  average  SD  and  the  signia  of  tliis  average  for  the  ampli- 
tude of  ins]Hratio!i  and  expiration  appear  in  Table  IX.  From 
inspection  of  this  table  it  is  apparent  that  the  difference  in  varia- 
bility between  the  two  gronjjs  noted  in  the  ])revious  computation 
largely  disajjpears.  Vtn-  neither  insjiiration  nor  expiration  does 
the  difference  between  the  variability  of  the  two  groups  ever  reach 
one  mm.  in  the  excursions  of  the  styli  on  the  kymograph.  The 
statistical  reliability  of  the  difference  in  both  measures  is  low, 
the  highest  jjrobability  that  the  observed  difference  is  a  true 
difference  being  89  out  of  100  in  the  case  of  (»rdinary  reading, 
for  amplitude  of  inspiration,  and  ''0  out  of  100  in  reading  alone, 
for  amplitude  of  ex])iration. 

Duration  of  juspwatiou.  In  Table  X  ajijjear  the  measures  of 
breathing  for  mean  duration  of  inspiration.  It  is  obvious  that 
for  all  situations  except  reading  with  E  and  silent  reading,  the 
affected  grouji  has  longer  mean  duration  of  inspiration  than  the 
non-affected  grouj).  However,  there  is  an  abru])t  rise  in  the 
value  for  the  non-affected  grouj)  in  speaking  propositionallv. 

In  aij^reement  with  the  measures  of  eve-movements  and  in 
contrast  to  the  measure  of  amplitude  of  breathing,  the  values  for 
the  duration  of  insi)iration  for  the  non-affected  group  in  the  oral 
reading  situations  tend  to  remain  ccmstant  with  the  exception  of 
sjieaking  ])ro]>ositionally.  The  values  for  the  affected  group  vary 
widelv.  When  the  averages  and  the  reliability  are  taken  into 
consideration  there  is  an  indication  that  for  silent  reading  and 
reading  with  /:  the  two  groups  are  similar.  They  tend  to 
a])proach  each  other  in  sjieaking  proi)ositionall\ ,  where  the  value 
for  the  non-affected  grou))  makes  the  sharj)  rise  u])war(l  in  dura- 
tion of  inspiration  noted  above.  In  other  situations  the  differ- 
ences between  the  groups  are  (piite  marked. 

In  Table  XI  is  ])resented  the  SD  of  mean  duration  of  insjjira- 
tion,  whicli  indicates  the  \ariation  of  the  ]>erformance  of  each 
individual  from  the  average  of  the  grouji.  Inspection  of  this 
table  shows  that,  with  the  e-xcejition  of  the  silent  reading  situation, 
the  variability  of  the  affected  grou])  is  greater  than  that  of  the 
non-affected  group.  In  oral  reading  the  values  for  the  non- 
affected  grou])  tend   to  be   constant    while   those   of   the  affected 
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group  tend  to  vary  from  situation  to  situation.  Reliability  of 
the  differences  is  high  in  all  situations  except  reading  with  E  and 
silent  reading,  where  the  dift'erences  between  the  two  groups  are 
small. 

When  the  second  measure  of  variability,  that  of  mean  SD  of 
duration  of  inspiration,  was  applied,  the  results  were  as  indicated 
in  Table  XII.  Here  the  tendencies  indicated  in  the  mean  and 
SD  discussed  above  are  even  more  definite  with  the  exception  of 
speaking  propositionally.  By  this  measure  the  latter  situation 
is  grouped  among  the  situations  in  which  the  values  for  the  two 
groups  tend  to  enter  the  same  statistical  population. 

Duration  uf  expirations.  Average  durations  of  expiration  and 
their  SDs,  for  the  aft'ected  and  non-affected  groups,  appear  in  the 
lower  part  of  Table  X.  It  can  be  seen  that  in  this  measure,  as 
in  the  measures  of  amplitude  of  breathing,  the  values  for  the 
affected  group  in  the  oral  reading  situations  tend  to  be  constant 
while  those  of  the  non-aft'ected  group  vary  from  situation  to 
situation.  The  widest  range  between  any  two  situations  for  the 
affected  group  is  that  of  344  ms.  between  reading  with  E  and 
reading  difficult  sounds.  The  widest  range  between  any  two  oral 
reading  situations  for  the  non-aft'ected  group  is  that  of  791  ms. 
between  ordinary  reading  and  reading  difficult  sounds.  The 
values  for  the  aft'ected  group,  in  addition  to  being  more  constant, 
are  in  general  higher,  indicating  a  longer  duration.  However,  in 
reading  with  E  and  reading  difficult  sounds  the  duration  of 
expiration  is  a  little  higher  for  the  non-affected  group.  In  read- 
ing with  E.  values  for  the  affected  group  drop  to  the  lowest  point 
for  the  oral  reading  situations,  while  those  for  the  non-affected 
group  rise  to  next  to  the  highest.  Apparently  the  non-aft'ected 
group  is  disturbed  by  /i's  reading  along  with  them  while  the 
affected  group  is  influenced  in  such  a  way  as  to  reduce  favorably 
the  mean  duration  of  expiration  as  compared  with  the  other 
situations. 

The  variability  of  the  mean  duration  of  expiration  for  the 
individual  from  the  mean  of  the  group  is  given  in  the  lower  part 
of  Table  XI.  Inspection  shows  that  both  groups  vary  widely 
from  situation  to  situation.     However,  the  affected  group  vary 
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less  in  all  situations  except  ordinary  reading  and  prepositional 
speaking. 

When  the  mean  SD  was  considered  the  results  were  those  pre- 
sented in  the  lower  part  of  Table  XII.  In  the  mean  SD  a  con- 
dition appears  which  contrasts  w'ith  the  conditions  indicated  by 
the  SD  of  the  group.  Inspection  of  the  table  shows  that  the 
affected  group  has  the  greatest  variability  in  all  situations  except 
reading  with  E.  The  two  groups  were  the  same  for  the  silent 
reading  situation. 

When  the  mean  SDs  of  duration  or  expiration  are  compared 
with  the  means  themselves,  it  appears  that,  for  silent  reading, 
reading  with  E,  and  reading  difficult  sounds,  the  affected  and  non- 
affected  groups  tend  to  be  members  of  the  same  statistical  popu- 
lation. They  tend  to  be  members  of  two  populations  in  ordinary 
reading  and  in  reading  while  alone.  In  prepositional  speaking 
the  picture  is  somewhat  confused.  The  unreliability  of  the  dif- 
ference in  this  situation  tends  to  indicate  that  the  two  groups  are 
alike. 

In  summarizing  the  quantitative  study  of  breathing  it  may  be 
said  that  the  mean  amplitude  of  inspiration  and  expiration  is 
greater  for  the  non-affected  than  for  the  affected  group;  the 
variability  of  these  measures  is  greatest  in  the  non-affected  group 
when  the  SD  of  the  group  and  mean  SD  are  considered.  Mean 
duration  of  inspiration  is  greater  in  the  affected  group  in  all 
speaking  situations  except  reading  with  E.  The  value  for  the 
non-affected  group  rose  abruptly  for  the  prepositional  speaking 
situation.  The  greatest  variability  for  mean  duration  of  inspira- 
tion was  in  the  affected  group.  For  mean  duration  of  expira- 
tion, values  tended  to  be  constant  but  high  in  the  affected  group; 
they  tended  to  vary  widely  in  the  non-affected  group.  The  two 
methods  of  computing  variability  tend  to  contradict  each  other 
in  this  measure.     The  mean  SD  tends  to  agree  with  the  means. 

Considering  all  measures,  there  seem  to  be  certain  situations 
where  the  two  groups  are  alike,  e.g.,  in  silent  reading,  reading 
with  E,  reading  difficult  sounds  and  speaking  propositionally  (as 
indicated  by  most  measures).     They  seem  to  be  different  in  read- 
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in,y'  alf)i;c'  aiul  oidinary  rcadiiii;.  i\cliai)ility  oi  thcst  tiica.->ures  oi 
hrcatliiii!^  is  low. 

.iiuil\sis  ol  t'.vjVi's.wd  iibnoniuihth's.  An  analv'sis  was  made 
of  tlie  hrcatliiii^i;  records  u.■^c'd  in  the  ((Uantitatixe  study  for  the 
frc'(|iifncy  ol  ai;i;earancc'  ol  certain  ty[ic's  of  ahnornialitics,  the 
frccjucncy  ol  appearance  in  the  \arions  situations,  and  their 
relation  to  the  signalled  o\ert  sj;asni. 

Before  considering  these  ahno!  nialities,  attention  is  called  to 
the  two  i^eneral  phenomena  whicli  were  ohserved.  In  s  ime  stut- 
terers those  phenomena  were  characteristic  for  all  situation >,  in 
others  they  a[)i;eared  occasionalK  .  1  he  first  was  that  either  the 
thorax  or  the  alxlnnen  leads  in  tim>'  in  a  L;iven  hreathin;^  cvcle. 
This  condition  usually  occurred  at  the  he^innini;-  of  either  the 
inspiratory  or  the  expiratory  phase.  A  record  in  which  the 
ahd  men  leads  in  expiration  is  presented  in  I'ii;.  1,  X  i.  1.  1  here 
is  an  indeiX-Mident  expiratory  movement  in  the  ahdomen  which  is 
not  reHected  in  the  curve  of  the  thorax.  L'sually  it  was  the 
ahdomen  that  was  the  oltender,  hut  in  one  individual  the  th  )rax 
exhihited  such  ahnormal  actixity   ihi,^.   1,  Xo.  2). 

In  certain  cases  where  the  ahove  condition  existed  it  seemed 
to  have  some  relation  to  fre(|uency  of  the  sij^nalled  overt  spasm. 
WAL  is  a  case  in  point.  I'i^.  1.  Xos.  o  and  4,  show  sections 
taken  fn  m  reci  rds  of  this  \  in  two  situations.  The  section  at 
the  left  shows  the  condition  present  in  the  difficult  sounds  situ- 
ation (note  the  signalled  spasms  in  the  top  line).  (_)n  the  riij^ht 
is  shown  a  section  from  the  record  for  readini^'  with  /{.  There 
are  no  si^^iialled  sp'asms  and  the  lead  of  the  ahd(jmen  has  largely 
disappeared.  On  the  otlier  hand  AX'^DE  <;ave  records  wliich 
showed  this  ahdominal  leatl  to  he  i)resent  in  only  one  situation, 
that  of  reading-  while  alone. 

Another  phenomenon  that  seemed  to  he  characteristic  of  certain 
stutterers  was  the  ajJiJearance  in  either  the  thorax  or  the  ahdomen 
of  tremors  of  either  ahnormally  i^reat  amplitude  or  hi'^h  fre- 
(luencv.  Fi.u'.  1,  X^).  3,  illustrates  a  case  of  ,i;reat  amplitude 
(ahdoniinal  )  and  I^'ii;.  1,  X'o.  6,  shows  a  thoracic  tremor. 
Travis  (18)  reports  mild  tremors  as  characteristic  ol  normal 
speakers.      In  certaii!  Xs  in  the  present  stud\-  tlie  intensity  of  the 
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Fig.  1.     Types  of  breathing  abnormalities 

No.  1.     Abdomen  leads  in  expiration. 

No.  2.     Thorax  leads  in  expiration. 

No.  3.  Abdominal  lead  in  relation  to  many  spasms  in  the  reading 
difficult  sounds  situation. 

No.  4.  Record  from  same  5"  as  No.  2  during  reading  with  E.  Abdominal 
lead  has  disappeared  and  no  spasms  occurred. 

No.  5.     Tremor  of  great  amplitude  in  the  abdomen. 

No.  6.     Tremor  in  the  thorax. 
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tremor  seemed  to  vary  from  situation  to  situation  but  not  to  have 
any  relation  to  the  sii^nalled  spasm  as  such.  A  high  frequency 
tremor  is  ilhistrated  in  Fig-.  2.  No.  1.  Its  frequency  is  about 
12  per  sec. ;  it  appears  in  both  the  thorax  and  abdomen  between 
two  signalled  spasms. 

A  count  was  made  of  three  general  types  of  abnormalities: 
oppositions,  interruptions,  and  abnormal  durations.  When  the 
curves  from  the  thorax  and  abdomen  were  converging  or  diverg- 
ing at  the  same  moment  of  time,  the  phenomenon  was  termed 
opposition.  This  is  illustrated  in  Fig.  2,  Xo.  2.  Interruptions 
were  of  three  kinds:  (1)  tonic  interrui)tion — in  this  type  the 
ui)ward  [irogress  of  the  curve  was  interfered  with  and  a  plateau 
would  appear  on  the  curve  (Fig.  2,  Nos.  3  and  4 — note  the  rela- 
tion of  the  signalled  spasms);  (2)  clonic  interruption — curves 
in  which  there  a[)peared  rapid  alternation  of  insi)irati(jn  and 
expiration  superimposed  ui)on  the  regular  curve  ])attern  (  Fig.  2, 
No.  5)  ;  (3)  reversals — a  single  interruption  of  an  expiration  by 
a  short  inspiratory  phase  or  vice  versa  (this  occurred  ((uite  fre- 
(|uently  and  so  it  was  given  a  separate  classification ).  Abnormal 
duration  was  difficult  to  determine.  It  was  done  purely  by 
inspection.  There  is  such  a  wide  variation  of  the  breathing 
duration  curves  in  normal  speakers  that  of  these  records  only  the 
very  short  or  very  long  were  considered  abnormal. 

The  frequency  of  the  above  abnormalities  is  recorded  in 
Table  XIII  for  the  non-affected  group  and  in  Table  Xllla  for  the 
affected  group.  These  show  that  for  the  non-aft'ected  grouji 
there  were  314  curves  with  abnormalities  in  a  total  of  989  breath- 
ing curves.  For  the  affected  group  660  out  of  a  total  number 
of  1,126  curves  exhibited  abnormalities. 

Two  of  nine  .Vs  in  the  aff'ected  group  gave  records  in  ordinary 
reading,  reading"  difficult  sounds,  and  speaking  propositionally 
that  were  too  complicated  to  analyze.  One  of  these  gave  tonic 
interruptions  on  every  curve  for  one  situation  and  many  of  the 
same  tyjx;  in  other  situations.  Since  this  was  characteristic  of 
only  one  individual,  these  tonic  interruptions  were  not  included  in 
the  computation.  The  bottom  line  of  the  table  gives  the  per- 
centage of  the  total  number  of  curves  in  all  situations  exhibiting 


FACTORS  IN  THE  SYMPTOMATOLOGY  OF  STUTTERING      79 


Fig.  2.     Types  of  breathing  abnormalities 

No.  1.  Tremor  of  high  frequency  appearing  in  both  thorax  and  abdomen 
between  two  signalled  spasms. 

No.  2.  Opposition  between  thorax  and  abdomen  occurring  in  relation 
to  signalled  spasms. 

No.  3.  A  series  of  tonic  interruptions  bearing  direct  relation  to 
signalled  spasms. 

No.  4.     A  single  tonic  interruption  in  relation  to  spasm. 

No.  5.     Clonic  interruption  in  relation  to  spasms. 
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that  typ€  of  abnormality  listed  at  the  top  of  the  column.  For  all 
types,  with  the  exception  of  oppositions,  there  was  consistently  a 
much  lower  frequency  among  the  non-afifected  than  among  the 
affected  group. 

In  the  last  column  of  Tables  XIII  and  Xllla  are  given  the 
percentages  of  the  total  number  of  curves  that  exhibit  abnormali- 
ties in  each  of  the  situations.  For  the  non-affected  group  the 
highest  percentages  of  abnormal  curves  were  in  ordinary  reading, 
reading  with  E,  and  speaking  propositionally.  The  lowest  per- 
centages were  in  relaxed  reading,  reading  difficult  sounds  and 
reading  familiar  poetry.  For  the  affected  group  five  situations 
show  a  high  percentage  of  curves  containing  abnormalities. 
These  are  ordinary  reading,  relaxed  reading,  reading  difficult 
sounds,  reachng  familiar  poetry,  and  speaking  propositionally. 
Two  situations  had  a  low  score,  namely,  reading  with  E  and 
reading  while  alone.  In  the  affected  group  the  situation  in  which 
the  6's  read  familiar  poetry  produced  the  greatest  number  of 
abnormal  curves.  This  situation  i)roved  very  difficult  for  some 
members  of  this  group. 

These  data  indicate  that  in  both  groups  the  frequency  of 
abnormalities  varies  widely  from  situation  to  situation.  The 
non-affected  group  seem  more  disturbed  by  reading  with  E,  since 
the  number  of  abnormal  curves  is  greatest  in  this  group  for  this 
situation.  The  affected  group,  on  the  contrary,  has  the  lowest 
count  of  abnormal  curves  for  this  situation.  The  instruction  to 
read  in  a  relaxed  manner  seemed  to  have  an  effect  on  the  breath- 
ing of  the  non-affected  group,  since  the  smallest  number  of 
abnormal  curves  for  this  group  was  in  this  situation.  Difficult 
sounds  and  reading  familiar  poetry  gave  a  low  count  for  this 
group,  while  frequency  of  abnormalities  in  sjicaking  proposition- 
ally  rose  abruptly.  In  this  situation  there  also  appeared  quite  a 
number  of  overt  spasms  in  the  non-affected  group. 

The  records  were  analyzed  for  the  relationship  between  the 
appearance  of  the  abnormality  and  the  signalled  overt  spasm. 
This  information  w'as  available  in  five  of  the  situations.  In 
silent  reading,  reading  while  alone  and  reading  with  E,  no  ade- 
quate  signalling  of  the   spasms   if   they  occurred   was   possible. 
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Table  XIV  gives  the  data  for  this  analysis.  Only  three  types  of 
abnormahty,  tonic  interruption,  reversal  on  inspiration,  and  long 
duration,  show  relation  to  the  signalled  spasm  in  the  non-affected 
group.  Only  17.7  \kv  cent  of  the  cin-ves  exhibiting  abnormalities 
had  any  rt-lation  to  the  signalled  overt  spasms. 


T.\BLE  XIV.     XtDitbcr  of  observed  ahnorinalitics  that  hear  relation  to  signalled  overt 

spasm  ill  five  situations 


Ordinary  reading 
Reading  familiar  poetry 

Speaking  propositionally 


Total  cnrves   exhibitin 

situations 
Total  curves  exhibiting  tunic  intenuptidu 


Xon-Affected  (iroup 

Tonic  intcrruptii )n — exp. 

Tunic  intcrruptii)!! — cx]). 

Tonic  interruption — exp. 

Reversals — exp. 

Al)ni)rmall\'  long  duratimi — cxi). 

indicated   ahnurmalities    in    above 


Ordinarv  reading 


Relaxed  reading 


Reading  difficult  sounds 


Reading  familiar  puetry 


Affected  Group 

r)p])ositions — exp. 
Tonic  interruption — exp. 
Clonic  interruption — exp. 
I\e\ersals — c.xp. 

(^l)positif)n — exp. 
Tonic  interruption — exp. 
Clonic  interruption — exp. 
Reversals — insp. 
Reversals — exp. 

Tonic  interrui)tion — e.Kp. 
Reversals — insp. 
Reversals — exp. 

Tonic  interruption — exp. 
Reversals — insp. 

.Abnormally  long  duration — in>p. 
.Abnormallv  long  duration — e.xp. 


Speaking  propositionallx' 


Tonic  interruption — exp. 

Reversals — insp. 

Reversals — exp. 

Abnormally  long  duration — insp. 

Total   curves   exhibiting   indicated   abnormalities    in    above 

situations 
Total  curves  exhibiting  tonic  interruption 

The  data  for  the  affected  group  show  that  345.  or  7^.^  i)er 
cent  of  the  473  curves  showing  abnormalities,  had  some  relation 
to  a  signalled  overt  spasm. 


Total 

No. 

No. 

related 

to  spasm 

Per  cent 

related 

to  spasm 

21 

5 

23 

19 

1 

5 

4« 
10 

9 

8 
2 

3 

16.6 

10 

33.3 

107 
170 

19 
14 

17.7 
8 

5 

82 

4 

7 

3 

75 
2 

1 

60 
91 
50 
14 

3 
61 

4 
13 

15 

2 

49 

2 

5 
1 

60 
80 
50 
38 
6.5 

79 
4 
4 

56 
2 

1 

70 
50 

25 

88 

10 

1 
> 

79 

3 
1 
1 

90 
33.3 
100 

50 

76 
4 
9 
2 

59 
1 
2 
2 

77 
25 
22 

m 

473 

380 

347 
318 

73.3 
84.5 
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From  these  data  it  would  appear  that  the  tonic  interruptioti 
type  of  abnormality  is  the  one  outstanding  type  of  breathing 
abnormaHty  with  a  high  relation  to  the  signalled  overt  spasm. 
However,  this  type  of  abnormality  appears  quite  frequently  in  the 
non-affected  group,  while  only  eight  per  cent  of  them  are  related 
to  signalled  spasms. 


Fig.  3.     Change  of  general  form  accompanying  changes  in  the 

speaking  situation 

No.  1.  Section  of  record  from  SEL  during  ordinary  oral  reading. 
Note  tonic  interruption  on  inspiration  and  expiration  in  relation  to  spasms. 

No.  2.     Record  of  same  .S"  during  reading  with  F.. 

No.  3.  Record  of  SEL  in  reading  a  section  of  Drink  to  Mc  Only 
zmth  Thine  Eyes. 

No.  4.     Record  from  same  6"  when  the  same  words  were  sung. 


The  signalling  of  overt  spasms  is  difficult,  and  in  all  proba- 
bility some  spasms  bearing  relation  to  this  tonic  interruption 
type  of  abnormality  were  missed  by  E.  It  is  significant,  how- 
ever, that  for  the  aff'ected  group  this  type  has  such  a  high  fre- 
quency in  relation  to  the  signalled  spasms — 84.5  per  cent  of  the 
total  number  of  curves  exhibiting  this  type  of  abnormality  were 
so  related. 

In  the  affected  group  there  also  was  a   fairly  close  relation 
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between  reversals  on  inspiration  and  the  signalled  spasm,  some 
relation  between  the  sp.asm  and  the  o])position  ty[)e  of  abnor- 
mality, and  some  i)etween  the  spasm  and  reversal  on  expiration. 

In  some  cases  there  was  a  tendency  for  the  general  pattern  of 
the  curve  to  change  with  the  situation..  I'ig.  3,  Nos.  1  and  2, 
sliow  records  of  SML.  No.  1  is  a  section  of  the  breathing  record 
during  the  ordinary  reading  situation.  The  jjattern  is  so  com- 
])licated  as  to  defy  analysis.  There  are  long  inspirations,  inter- 
rupted bv  i)eriods  of  expiration  and  many  tonic  interruptions. 
Expiration  is  similarly  interrupted.  There  are  also  many  and 
]f)ni:  siirnalled  siiasms.  Xo.  1  is  a  section  taken  from  this  .S's 
record  during  reading  with  li.  Ap])arently  the  fact  that  /:  was 
sliaring  the  res])iinsil)iHty  and  setting  the  pace  was  effective  to 
the  ])()int  where  the  gross  general  abnormalities  exlhliited  in  the 
record  from  ordinary-  reading  largely  disappeared.  The  pattern 
is  definite  and  fairlw  though  not  completely,  normal,  lliere  is 
a  tendency  to  begin  and  end  each  ex])iration  with  a  short  period 
of  more  ra])id  exhalation  than  is  the  case  in  the  central  portion 
of  the  record. 

Fig.  3,  Nos.  3  and  4.  ])resent  a  similar  contrast  from  the  same 
individual.  Xo.  3  is  a  passage  from  Hrn  Joiisaii's  "Drink  to  Me 
Onlv  With  Thine  l^^.yes."  There  is  a  great  deal  of  dysintegration 
in  the  record.  In  Xo.  4  is  recorded  the  same  selection  when  the 
stutterer  was  asked  to  sing  it.  The  curxes  here  are  \igorous  and 
definite  and  are  ap])areiitly  normal. 

To  summarize  this  ];art  of  the  study,  which  deals  with  analysis 
(,f  abnormalities  of  breathing  records,  it  can  be  said  that  the 
fre(|uencv  of  a])pearance  of  abnormalities  xriries  from  situation 
to  situation.  '!4ie  most  fre(|uent  tyj-e  of  ;ibnonna]it\-  was  the 
l(.nic  interruption  of  e.\]iiration.  'Jhe  next  most  frecpient  was 
llie  reversal  on  inspiration  and  expiration.  Other  types  were 
verv  infrecpient. 

In  addition  to  apjjearing  more  frecpiently,  the  tonic  interruj)tion 
lv]K'  has  the  highest  fr((|uenc\  of  relation  to  the  signalled  overt 
s])asm.  In  tin-  afiecled  grou])  S4.5  p<'r  ct-nt  of  curxt-s  of  this  \\\^ 
were   related   to   a   signalled    overt    s])asm.      The   dther    types   of 
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abnormality  show  a  low  degree  of   relation   with  the   signalled 
spasm.     Some  types  show  no  apparent  relation  whatever. 

Action  Currents  from  the  Masseter  Muscles 
The  records  of  action  currents  from  the  masseter  muscles  were 
analyzed  for  the  following:  (1)  changes  in  frequency  of  appear- 
ance of  recognized  abnormalities  associated  with  changes  in  the 
speaking  situation;    (2)   mean  percentage  of  total  time  in  each 

Table  XV.     Frequency  of  af^pearance  of  all  types  of  action  current  abnornialilies  in 

records  of  ten   stutterers  taken   clnrini/   one   s:lent   reacfin;;.  five   oral 

readinys,  and  one  propositional  sfeakinu  situation 


Oi 

ral  Reading 

Situations 

Speaking 

> 

Silent 

Reading 

Difficult 

propo- 

reading 

Ordinary 

with  E 

Alone 

sounds 

sitionally 

YAN 

0 

1 

4 

11 

20 

7 

EDM 

0 

21 

15 

20 

34 

18 

ROS 

0 

11 

8 

9 

28 

22 

GOO 

0 

17 

0 

6 

4 

22 

ROG 

0 

12 

6 

7 

21 

8 

LOD 

0 

16 

10 

15 

54 

48 

IRV 

0 

16 

15 

13 

30 

9 

BAR 

0 

19 

20 

8 

45 

33 

SEL 

0 

28 

2 

0 

48 

37 

WAL 

0 

11 

18 

32 

33 

30 

Total 

0 

152 

98 

121 

317 

234 

Frequency  based 

on  uniform 

number  of 

500  words 

0 

118 

87.4 

93 

120.8 

(101)* 

*  Estimate. 

situation  during  which  abnormalities  were  present  in  action 
currents;  (3)  relation  of  action  current  abnormality  to  signalled 
overt  spasm;  and  (4)  frequency  of  appearance  of  the  various 
types  of  action  current  abnormalities. 

Changes  in  the  frequency  of  appearance  of  action  current 
ahnornialities  that  accompany  changes  in  the  speaking  situation. 
Table  XV"  gives  the  frequency  of  abnormalities  for  10  stutterers 
in  six  speaking  situations.  The  length  of  the  speaking  situations 
w^re  not  the  same.  The  total  number  of  words  in  the  silent 
reading  and  the  oral  reading  situations  varied  as  follows :  silent 
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reading,  590;  oral  reading,  ()40 ;  reading  witli  II.  560;  reading 
alone,  650;  reading  difficult  sounds,  1,312.  The  number  of 
words  spoken  propositionally  is  not  known. 

To  make  the  situations  more  comparable.  computatif)n  was 
based  \\\K)\\  the  supposition  that,  considering  all  .Vs,  the  tendency 
for  abnormalities  to  ajjpear  was  uniformly  distributed  throughout 
the  situation.  'J'he  numl)er  of  words  in  each  situation  was 
reduced  to  500  and  the  number  of  action  current  abnormalities 
was  reduced  ])rojK)rtionally.  The  bottom  line  of  Table  XV  gives 
the  fre(|uency  of  ajjuormalities,  computed  in  this  way.  The 
figure  for  speaking  projjositionally  is  an  estimate  arrived  at  by 
considering  propositional  sjxiech  as  consuming  .7  sec.  per  word. 
From  this  lower  line  of  the  table  it  is  seen  that  for  ordinary 
reading  and  difficult  sounds  the  number  of  action  current  al)nor- 
malities  is  approximately  the  same.  Likewise  reading  with  E 
and  reading  alone  gave  approximately  the  same  number  of  abnor- 
malities. Inhere  were  7S.2\  per  cent  as  many  abnormalities  in  the 
latter  two  situations  as  in  the  former  two.  In  silent  reading 
there  was  at  no  time  any  abnormality  whatsoever,  indicating  that 
the  abnormalities  are  connected  with  the  act  of  speaking  and  are 
not  manifested  tmtil  that  act  is  in  progress. 

These  data  indicate  that  broad  changes  in  th.e  type  of  si)eaking 
situation  are  accompanied  by  changes  in  the  frecpiency  of  apix^ar- 
ance  of  actidii  current  aljnormalities.  'J  he  grouping  of  the 
situations  in  this  ex])eriment  agrees  with  the  groupings  foimd 
most  frequently  in  the  eye-movement  and  breathing  experiments. 
Percentage  of  total  tiine  diin'iu/  7^'lnch  the  ahuonnalities  in 
action  currents  z^'ere  operatn'c.  'i"he  duration  of  abnormalities 
varied  widely.  The  duration  of  each  was  recorded  and  the  per- 
centage of  time  during  which  the  abnormalities  were  operative 
was  cf)m])Uted  for  each  indixidual  for  each  situation.  The 
average  jK-rcentages  of  time  are  ])resented  in  Table  X\  I.  The 
table  shows  that  the  percentage  of  time  varies  from  situation  to 
situation.  The  ordinary  reading  situation  is  the  liighest ;  S])eak- 
ing  ])ro])ositionally  and  reading  difficult  sounds  are  lower  and 
about  the  same;  reading  with  7:  and  reading  alone  show  the 
lowest  percentages.      In  reading  with  E  one  .9  gave  an  unusually 


FACTORS  IN  THE  SYMPTOMATOLOGY  OF  STUTTERING      87 

high  percentage  of  total  time,  72.1.  This  was  more  than  28  per 
cent  higher  than  for  any  other  situation  for  him  and  was  the 
highest  percentage  of  the  entire  group  in  any  situation.  If  this 
score  is  eliminated  from  the  computation,  reading  with  E  showed, 
for  the  entire  group,  16  per  cent  of  the  total  time  taken  up  by 
abnormalities.  Only  four  individuals  had  scores  above  10  per 
cent  of  the  total  time  for  this  situation.  The  value  of  this 
measure  of  duration  is  probably  low  due  to  the  fact  that  there  is 
such  a  marked  variation  in  the  relation  of  the  abnormality  to  the 
overt  spasms,  as  will  be  shown  later.     It  indicates  that  the  time 


Table  XVI.     Percentage  of  total  recorded  time  during  tvhich  action  current 

abnormalities  zvere  operative  in  the  masscter  muscles  of 

10  stutterers  in  six  situations 

Oral  Reading  Situations 


f 

■\ 

Speaking 

Silent 

Reading 

Difficult 

propo- 

reading 

Ordinary 

With  E 

Alone 

sounds 

sitionally 

YAN    • 

0.0 

0.2 

3.0 

17.6 

7.7 

2.5 

EDM 

0.0 

50.0 

11.6 

28.1 

45.0 

35.3 

ROS 

0.0 

66.7 

40.6 

31.3 

26.2 

31.2 

GOO 

0.0 

30.7 

00.0 

20.3 

3.6 

24.5 

ROG 

0.0 

54.3 

10.8 

24. 1 

16.7 

16.1 

LOD 

0.0 

29.2 

27.6 

18.2 

38.4 

34.5 

IRV 

0.0 

63.3 

37.4 

37.1 

24.8 

40.3 

BAR 

0.0 

46.4 

72.1 

14.1 

.37.8 

26.2 

SEL 

0.0 

18.0 

2.0 

00.0 

25.0 

33.0 

WAL 

0.0 

8.3 

11.5 

13.0 

21.0 

6.7 

Mean 


36.7 


21.7 


20.4 


24.6 


25.0 


abnormalities  are  in  progress  is  really  of  considerable  extent,  and 
that  it  does  vary  from  situation  to  situation,  as  does  the  frequency 
of  appearance  of  the  abnormalities  themselves. 

Relationship  between  the  action  current  abnormalities  and  the 
signalled  overt  spasm.  Out  of  the  six  situations  in  the  action 
current  study  there  were  only  three  that  could  be  used  in  this  part 
of  the  investigation :  ordinary  reading,  reading  difficult  sounds, 
and  speaking  propositionally.  For  stutterers  who  have  tonic 
blocks  of  long  duration  the  overt  spasm  can  be  quite  accurately 
signalled  (Fig.  4,  No.  1)  but  for  ^'s  who  exhibit  the  rapid  clonic 
type  of  spasm  it  is  most  difficult  to  get  all  of  the  spasms.  Of 
the  10  stutterers  used  in  this  experiment  four  were  of  the  latter 
type. 
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Fig.  4.     Abnormalities  in  action  current  records  imm  tiie  inasseter 

muscles 

Xo.  1.  Abnormality  approximately  even  on  butli  sides  and  bearing 
definite  relation  to  the  signalled  overt  spasm. 

No.  2.     Single  spikes,  first  on  one  side  and  then  on  the  other. 

No.  3.  Single  spikes  on  one  side,  followed  by  primary  abnormality  on 
same  side  in  relation  to  signalled  spasm. 

No.  4.     Long  signalled  si)asm  without  appearance  of  abnormality. 

No.  5.  Greater  intensity  on  one  side  than  on  the  other  during  a  long 
signalled  spasm. 

No.  6.  Abnormalit\'  alternating  from  side  to  side  in  relation  to  two 
spasms. 

No.  7.  ,\bnormalits-  on  right  sitle  only — two  such  periods  of  abiior- 
i^iality  in  relation  to  two  spasms. 

No.  8.     AbnornialitN'  entirely  on  left  <ide. 

No.  9.  .Abnormalitv  beginning  mi  the  left  then  shifting  to  even  (;n 
lx)th  sides. 

No.  10.  .Abnormality-  beginning  on  I'ft  shifting  to  e\en  on  both  sides 
then  shifting  back  to  the  left  to  end  of  spasm. 

\'o.  11.  .SecoiKlar\-  ai)normalit\-  in  j'clation  to  short  sn.ism,  followed  by 
primary  abnormality  which  begins  on  left  and  then  shifts  to  tin-  right  to 
the  end  of  the  spasm   (last  signal  not  shown). 

Nos.  12,  13,  14.  Records  in  which  tin-  signal  .and  sprnm  precedes  the 
abnormality. 


Six  ty])('s  of  relatioiishi])  between  the  sii^nalled  s]>asni  and  the 
a|)pearance  of  the  action  eiirreiit  ahiiornialitx'  were  deteniiiiied : 
(  1  )  a  ty])e  of  ahnorniality  which  has  been  desit^nated  as  sini^le 
spikes,  where  the  abnornialit\'  is  not  continnoiis  but  is  jiresent  in 
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the  form  of  one,  two,  three,  or  more  single  spikes  with  apparently 
normal  action  currents  in  between — examples  of  this  type  of 
abnormality  are  given  in  Fig.  4.  Xos.  2  and  3  ;  in  these  three 
situations  few  of  this  type  occurred  without  being  related  to  the 
signalled  spasm ;  ( 2 )  a  signalled  spasm  without  any  accompany- 
ing abnormality  whatsoever  (Fig.  4,  No.  4)  ;  (3)  a  low  amplitude 
abnormality,  termed  a  secondary  abnormality — many  of  these 
were  related  to  a  signalled  spasm  (  see  slight  abnormality  on  R 
line  in  relation  to  first  signal  in  Fig.  4,  Xo.  11)  ;  (4)  a  primary 
abnormality,  or  one  in  which  the  amplitude  was  large  (Fig.  4, 
Nos.  1,  5,  7,  8)  ;  (  5  )  a  secondary  abnormality  with  no  accom- 
panying signal ;  (6)  a  primary  abnormality  with  no  accompanying 
signal. 

Table  X\'II  shows  the  frequency  of  these  six  types  of  relations 
for  the  three  situations  in  which  there  was  an  opportunity  to 
signal  the  overt  spasms.  Reduced  to  the  most  general  and  simple 
terms,  there  are  three  possible  relations  between  spasm  and 
signal :  (  1  )  signal  without  abnormality,  ( 2 )  signal  with  abnor- 
mality, (3)  abnormality  without  signal.  In  these  terms  108, 
or  15  |>er  cent  of  the  72>?)  possible  relations,  were  that  of  signalled 
spasm  with  no  accompanying  abnormality;  147,  or  20  per  cent, 
were  abnormality  with  no  signal ;  and  478,  or  65  per  cent,  were 
signal  with  an  action  current  abnormality. 

The  relation  between  the  signalled  overt  spasm  and  the  action 
current  abnormality  seems  to  be  quite  close.  The  fact  that  the 
other  two  possibilities  occur  so  often  precludes  the  possibility  of 
the  relationship's  being  a  one-to-one  affair  unless  one  of  two 
things  occurred  at  the  time  the  record  was  taken.  First,  the 
signal  without  abnormality  may  be  merely  an  index  that  the 
individual  had  paused,  although  the  length  of  some  of  them  makes 
this  improbable.  Second,  the  spasms  may  have  been  present  in 
the  case  of  abnormalities  without  signal  without  being  recognized 
by  E.  Undoubtedly  some  were  missed,  but  hardly  as  many  as 
the  findings  would  indicate. 

The  signal  preceded  the  abnormality  114  times  in  the  three 
situations  investigated.  The  records  given  in  Fig.  4,  X''os.  12, 
13,    14,  show  examples  of  this  condition.      However,  one  indi- 
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vidual  accounted  for  56  of  these  instances.  For  this  particular 
^  this  was  a  characteristic  of  the  signal-abnormahty  relation. 

Frequency  of  appearance  of  zmrious  types  of  action  current 
abnormalities.  Travis  {'^^)  has  called  attention  to  the  striking 
differences  between  the  action  currents  recorded  from  the  two 
masseter  muscles  during  stuttering.  In  the  analysis  of  records 
secured  in  this  experiment  it  was  found  that  seven  of  the  10  vS's 
gave  action  currents  during  normal  speech  that  were  very  small 
in  amplitude  compared  with  the  results  of  most  normal  speakers. 
Frequently,  at  the  time  of  the  stuttering  spasm,  there  was  an 
abrupt  increase  in  amplitude  (usually  expressed  in  volleys). 
While  in  the  majority  of  the  cases  one  of  the  two  sides  exhibited 
this  increase  to  a  greater  extent  than  did  the  other  side,  there 
were  many  instances  in  which  the  two  sides  were  equally  active 
in  showing  this  increased  amplitude  (Fig.  4,  No.  1 ).  Its  relation 
with  the  signalled  spasm  w-as  such  that  in  the  following  report 
on  the  frequency  of  different  types  of  abnormalities  it  has  been 
included. 

The  analysis  consisted  of  determining  the  frequency  of  the 
following  types  of  abnormality:  (1)  even  from  side  to  side  but 
increased  in  amj)litude  (Fig.  4.  No.  1);  (2)  greater  amplitude 
on  one  side  than  on  the  other  (  Fig.  4.  Nos.  v^,  5 )  ;  ( 3 )  alternating 
from  side  to  side  (Fig.  4,  No.  6)  ;  (4)  all  on  one  side  (Fig.  4, 
Nos.  7,  8)  ;  (5)  beginning  on  one  side,  then  shifting  to  equality 
of  the  sides,  or  beginning  equally  and  then  shifting  to  one  side 
and  then  perhaps  back  to  even  again   (Fig.  4,  Nos.  9,   10,   11). 

The  distribution  of  these  five  types  of  abnormalities  in  the 
situations  for  the  10  ^'s  is  given  in  Table  XA'IIT.  In  the  last 
column  is  given  the  side  upon  which  the  abnormality  appeared 
most  frequently  during  the  entire  series  of  situations.  From  this 
column  we  see  that  EDM  and  BAR  were  alike  in  that  they  show 
about  an  even  distribution  of  the  abnormalities  between  the  right 
and  left  sides.  WAL  gave  an  even  distribution  between  abnor- 
malities that  were  even  on  both  sides  and  those  that  appeared 
predominantly  on  the  right  side.  Four  gave  records  in  which 
the  abnormalities  were  predominantly  on  the  left  side,  and  three 
gave  records  in  which  the  abnormalities  were  predominantly  on 
the  right. 
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That  type  of  abnormality  which  was  all  on  one  side  gave  the 
highest  frequency  of  all,  43  per  cent  of  the  total  being  of  this 
kind.  The  five  types  may  be  reduced  to  three  general  types  as 
follows:  (1)  even  on  both  sides;  (2)  abnormality  predominantly 
orj  one  side;  (3)  abnormality  shifting  between  the  two  sides, 
either  alternating  or  starting  or  ending  with  greater  amplitude 
orj  one  side.  In  these  terms  22  per  cent  were  of  the  even  type, 
61  i>er  cent  were  predominantly  on  one  side,  and  17  per  cent  were 
characterized  by  shifting  from  one  side  to  the  other. 

In  the  section  on  the  relation  between  the  signalled  overt  spasm 
and  the  abnormalities  of  the  action  current  record,  it  was  pointed 
out  that  all  of  these  types  of  action  current  abnormalities  occur 
in  relation  to  the  signalled  overt  spasm.  Apparently  there  is  little 
evidence  from  these  data  that  any  certain  form  of  action  current 
has  any  definite  relation  to  the  stuttering  spasm  as  such.  To 
illustrate  the  ambivalent  nature  of  the  forms  of  abnormalities 
appearing  in  the  same  individual  in  one  situation,  a  series  of 
records  are  given  in  Fig.  5,  Nos.  1,  2,  3,  4,  5.  They  are  given 
in  order  of  appearance  in  the  reading  difficult  sounds  situation. 
No.  1,  at  the  top,  shows  first  an  abnormality  of  secondary  degree, 
which  is  related  to  a  short  signalled  spasm,  followed  by  an  abnor- 
mality of  primary  degree  which  appears  on  the  right  and  is 
accompanied  by  a  longer  spasm.  Note  that  throughout  these 
records  the  signal  follows  the  abnormality  consistently  by  the 
same  amount  of  time.  Apparently  this  was  the  time  it  took  for 
the  abnormality  to  become  evident,  plus  E's  reaction  time. 

The  next  record  shows  the  abnormality  beginning  on  the  left 
and  then  shifting  to  even  toward  the  end  of  the  spasm.  The 
abnormality  in  No.  3  begins  on  the  left  and  stays  predominantly 
on  the  left,  although  there  is  some  shifting  to  the  right.  Note 
the  dififerences  between  the  frequencies  of  the  volleys  from  the 
two  sides.  In  record  No.  4  an  abnormality  of  primary  degree 
is  predominantly  on  the  left  and  is  accompanied  by  a  signalled 
spasm,  the  end  of  the  spasm  not  being  shown.  In  No.  5  the 
abnormality  starts  on  the  left,  then  shifts  quickly  to  the  right, 
disappears,  reappears  again  on  the  right,  and  finally  at  the  break 


94  ALOX'ZO  MO  RLE  V 

of  the  spasm  on  the  left  side  cuts  in.     All  of  these  tyjies  occurred 
in  the  same  situation. 

l-"roni  these  data,  since  so  many  tx-jies  can  (jccur  in  the  same 
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Fig.  5.  Abnumialities  from  action  currents  of  massett-r  muscles.  (  N'os.  1, 
2.  3.  4.  5,  are  all  from  the  same  stutterer  in  the  oral  reading  of  difticiilt 
sounds  situation.  Xos.  h,  7.  8,  9,  10,  are  records  made  by  the  writer  in 
simulating  actitju  current  abnormalities  of  stutterers.) 

No.  1.  Sli,t;ht  abnormality  on  ri.^ht  followed  by  short  spasm.  Then 
abnormality  on  ris^ht  follow'ed  by  longer  spasm. 

No.  2.  .-Vbnormality  begins  on  left  then  shifts  to  even  an  both  sides  to 
end  of  spasm. 

No.  3.  Abnormality  almost  even  on  both  sides  at  the  beginning,  it  drops 
out  on  the  right  at  end  of  spasm. 

No.  4.  Abnormalities  begin  on  left,  right  sides  come  in  with  volleys 
approximately  half  as  frequent  as  those  from  the  left. 

No.  5.  Abnormality  on  the  left,  the  right  side  cuts  in.  then  the  left  side 
cuts  out  to  the  end  of  the  spasm  except  for  a  secondary  volley  occasionally. 

No.  6.     Simulated  abnormality  on  the  right. 

Nos.  7,  8.     Simulated  abnormality  priiuarily  on  the  left. 

Nos.  9,  10,  .Sinudated  abnoriuality  shifting  from  sitle  to  side  when 
general   disintegration  was  attemi)ted. 

situation,  it  would  appear  that  the  relationship  between  the  type 
ot  abnormality  and  the  sij^nalled  spasm  is  a  most  flexible  one. 

F.xperiiitcHtal    analxsis    of    action    riirrciit    abnonnaUiics.       A 
series  of  attemj>ts  were  made  by  the  writer  and  Professor  Travis 
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to  duplicate  the  records  of  stutterers'  action  currents  from  the 
masseter  muscles.  In  the  first  attempt  both  £s  tried  to  duplicate 
the  strain  by  which  the  muscles  of  the  face  appear  to  be  forced 
into  abnormal  i>ositions.  Three  things  were  attempted  in  these 
first  records:  (1)  putting  the  abnormality  on  the  right,  (2)  put- 
ting it  on  the  left,  (3)  putting  it  on  right  and  left  in  a  generally 
dysintegrated  fashion.  The  attempt  ended  in  general  failure  to 
get  action  currents  which  in  any  way  were  like  those  of  the  stut- 
terer. In  the  records  of  each,  however,  there  were  one  or  two 
areas  where  the  left  side  seemed  to  have  functioned  independently 
of  the  right  for  a  short  time.  Both  Es  were  right  handed  but 
both  concluded  that  the  left  side  of  the  face  was  a  little  more 
active  than  the  right. 

In  a  second  experiment  the  writer  went  through  a  period  of 
training  in  which  he  attempted  to  develop  ability  to  move  the  jaw 
muscles  independently.  x\  second  series  of  records  was  taken. 
These  were  successful  to  the  extent  that  a  striking  difference  of 
intensity  was  produced  when  the  attempt  was  made  to  use  only 
the  left  side.  The  records  were  unsuccessful  in  that  there  was 
no  production  of  differences  on  the  right  side  and  from  side  to 
side  in  attempted  general  dysintegration.  However,  some  prog- 
ress had  been  made. 

In  clinical  practice  the  writer  had  been  impressed  often  by  the 
fact  that  the  stutterer  was  unable  to  locate  the  area  in  which  a 
definite  feeling  of  strain  appeared.  Could  it  be  that  there  is  no 
strain  ?  At  least  it  gave  an  idea  for  a  new  attempt  at  duplicating 
the  stutterer's  masseter  records. 

During  a  period  of  training  an  attempt  was  made  to  do  the 
following :  (  1 )  stutter  by  closing  off  the  breath  stream — the 
muscles  of  pharynx  and  the  soft  palate  acting  in  a  fashion  akin 
to  the  gag  reflex;  (2)  while  maintaining  a  state  of  partial  closure 
of  the  air  stream  to  withdraw  all  effort  from  the  muscles,  in  the 
attempt  to  keep  the  swallowing  reflex  from  occurring;  (3)  to 
maintain  the  whole  facial  musculature  in  this  state  of  balanced 
relaxation  (the  feeling  of  this  state  was  not  entirely  one  of 
relaxation  as  much  as  it  was  that  akin  to  the  standing  on  one's 
toes  reaching  for  something  that  is  just  out  of  reach)  ;   (4)  to 
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si>eak  ill  this  state.  Sultjectively.  tliere  a])]K'arc(l  to  be  little 
siir<,a'S  which,  only  i)artiall_\'  inuler  control,  were  sensed  in  the 
musculature  of  the  jaws  and  face  and  lience  the  masseters. 

In  Fig.  5,  Nos.  6.  7.  8.  9,  10.  is  presented  a  series  of  records 
which  were  produced  by  the  writer  in  the  manner  outlined  above. 
No.  6  shows  the  abnormality  appearing  on  the  right.  Xos.  7  and 
8  show  abnormalities  on  the  left.  Nos.  9  and  10  show  abnor- 
malities a|)i)earing  on  either  side.  These  came  from  the  attempts 
at  a  general  dysintegration  in  which  both  sides  were  used  in  an 
unorganized  manner. 

If  these  records  are  compared  with  those  from  stutterers  it 
can  be  seen  that  there  is  a  close  ai)i>roximation  to  some  of  the 
records  of  the  latter  (Fig.  4).  As  has  been  mentioned,  /{  felt 
semi-reile.x  surges  or  twitches  when  the  pharyngeal,  ])alatal,  and 
facial  musculatures  were  maintained  in  a  state  of  relaxed  and 
somewhat  e.xjiectant  instability.  In  addition  to  the  feeling  of 
reaching  for  something  just  out  of  reach  while  on  tip-toes,  two 
other  illustrative  descriptions  come  to  mind.  The  first  is  that 
of  maintaining  one's  balance  on  a  horizontal  ])ole  while  attempting 
to  knock  a  similarl\-  balanced  o];ponent  of!  the  pole  with  a  pillow. 
Another  is  the  attemjit  to  ride  a  log  or  n  barrel  in  a  swimming 
]>ool.  The  attempted  action  seems  to  be  directed  lo  keeping  the 
way  o])en  for  s]jeech  and  still  not  to  maintain  tension  1)\-  a  setting 
of  the  muscles,  as  that  would  interfere  with  free  articulation. 
There  is  a  sense  of  doing  what  is  best  with  a  situation  that  may 
l)reak  down  an\'  moment,  and  wlien  it  does  bre.'ik  down  to  i"ecover 
with  as  little  forced  eftort  as  ]iossil)le.  None  ot  these  describes 
the  experience  e.\actl\  ;  they  are  but  subjective  impressions. 

If  these  data  from  the  normal  s]."eaker  give  any  index  whatever 
(<f  the  condition  in  the  stutterer,  it  would  appear  that  tiie  stut- 
terer, as  indicated  by  the  action  currents  from  the  masseter 
muscles,  is  attem])ting  during  the  stuttering  block  to  use  a  speech 
mechanism  which  is  res])on(ling  in  a  definite  manner  either  to 
lack  of  organized  nerve  impulses  or  to  some  more  gross  con- 
dition in  the  articulatory  mechanism  which  constantly  threatens 
and  occasionally  succeeds  in  breaking  down  the  speech   1  unction. 
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V.  Discussion. 

Eyc-Movcnicnts 

From  the  data  presented  in  the  preceding:  section  the  following 
items  concerning  the  eye-movements  of  two  groups  of  stutterers, 
divided  according  to  whether  they  did  or  did  not  stutter  in  the 
experimental  situation,  were  noted :  (  1  )  in  the  four  measures  of 
eye-movements — mean  fixations  i:>er  line,  mean  duration  of  fix- 
ation, mean  reading  time  per  line,  and  mean  regressions  per  line — 
the  two  groups  were  practically  alike  in  the  silent  reading  situ- 
ation;  (2)  the  values  for  the  non-afi"ected  group  in  the  oral 
reading  situation  tended  to  remain  constant  throughout  the  series ; 

(3)  the  values  for  the  affected  group  tended  to  vary  quite  widely 
from  situation  to  situation ;  in  reading  with  E  the  affected  group 
gave  as  good  or  better  indication  of  efficient  eye-movements  than 
did  the  non-affected  group ;  in  reading  while  alone  and  reading 
semi-memorized  poetry  a  slight  dift'erence  in  favor  of  the  non- 
affected  group  was  evident ;  in  ordinary  reading,  relaxed  reading 
and  reading  difficult  sounds  the  non-affected  group  was  superior ; 

(4)  relaxed  reading  exhibited  greatest  inelffciency  of  eye-move- 
ments for  both  groups ;  ( 5  )  the  reaction  to  reading  with  E  was 
reversed  in  the  two  groups,  when  compared  with  their  perform- 
ances in  ordinary  reading ;  in  the  affected  group  the  reaction  was 
toward  better  eye-movements,  and  in  the  non-affected  group  the 
reaction  was  toward  poorer  eye-movements. 

A  question  to  be  considered  here  is  that  of  the  relationship 
between  these  measures  of  eye-movement  and  the  phenomenon  of 
stuttering.  One  measure  can  be  disposed  of  immediately.  Anv- 
one  who  has  listened  to  an  average  stutterer  has  become  aware 
of  the  fact  that  at  the  time  the  stuttering  is  present  the  rate  of 
speaking  may  be  slowed  down  a  great  deal.  Obviously  then  the 
reading  time  per  line  would  show  a  proportionate  increase  as  the 
factor  of  stuttering  entered  to  consume  time.  But  what  of  the 
other  measures? 

In  the  studv  of  eve-movements  in  normals  durinsr  silent  readinij 
it  has  been  pointed  out  by  Tinker  (17),  Walker  (21),  Judd  and 
Buszvell  (12)  and  C.  T.  Gray  (8)  that  the  type  of  material  read. 
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the  al)ility  to  comprehend,  and  the  attitude  with  which  the  read- 
ini;-  was  done  have  effect  on  the  measure  of  eye-movements. 
Tinker  says,  "  There  is  much  data  to  indicate  that  the  nature  of 
the  oculomotor  [jcrformance  in  reading  is  largely  determined  by 
central  processes  of  perception  and  apprehension.  In  other 
words,  eye-movement  patterns  do  not  cause  hut  merely  reflect 
efficient  or  poor  reading  performance."  Judging  from  the  ideas 
of  such  authorities,  the  relationship  between  efficient  eve-move- 
ments and  the  central  mental  processes  is  that  of  control  of  the 
former  by  the  latter.  Difficult  material  or  an  analytical  attitude 
in  reading  will  cause  an  increase  in  the  number  of  fixations,  in 
the  number  of  regressions  and  in  the  length  of  taxations,  in  addi- 
tion to  increasing  the  length  of  reading  lime. 

Bitszvell  (2)  has  traced  the  growth  of  the  eye-voice  sj)an  in 
reading  from  the  lower  grades  up  to  high  school.  He  found 
that  the  child  beginning  to  read  fixates  the  word  being  spoken 
and  that  as  skill  in  reading  is  achieved  the  eyes  tend  to  min-e 
farther  and  farther  ahead  of  the  voice  until  reading  habits  are 
set  at  about  the  time  of  entering  high  school.  He  found  also 
that  good  readers  have  a  much  wider  eye-voice  span  than  do  poor 
readers.  His  records  show  that  the  relationshij)  between  the 
voice  and  the  eyes  in  oral  reading  is  a  very  flexible  one  and  that 
both  are  under  the  domination  of  the  central  processes.  He  also 
found  that  as  S  reads,  the  eye-voice  span  varies — if  easy  material 
is  being  read  the  span  may  be  as  many  as  15  to  20  spaces.  If  an 
unknown  word  or  a  j:)hrase  of  difficult  content  is  encountered  the 
span  decreases;  it  may  even  disapi)ear  if  the  eyes  fixate  long 
enough  on  the  word  for  the  voice  to  catch  U[).  In  some  cases 
the  lead  may  be  negative  as  the  eyes  make  a  regressive  movement 
to  tie  a  word  in  with  what  has  gone  before. 

In  the  discussion  thus  far  it  has  beeti  i)ointed  out  that  the 
eyes  as  observed  in  silent  reading  respond  to  the  central  mental 
processes.  In  oral  reading  the  eyes  res]>()nd  similarly  to  the 
central  processes,  the  relation  of  the  eyes  and  \dice  deiKMiding 
Uj)on  the  factors  of  |)i'rception  and  ap])rehension.  The  eve  in 
reading  is  the  exploratory  agent  of  the  mind,  so  to  speak,  and  is 
guided  through  its  routine  of  movements  by  the  mind.  Now 
what  is  the  condition  in  the  stutterer  during  oral  reading? 
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In  the  stutterer  the  same  three  elements  are  in  the  situation  but 
in  changed  relations.  There  is  material  to  be  comprehended,  the 
eyes  to  be  controlled  and  the  vocal  mechanism  to  be  used.  In  the 
reading  material  used  in  this  experimental  study  there  was  little 
which  was  difficult  to  comprehend.  The  unstable  factor  in  this 
case  was  the  vocal  mechanism.  If  the  eyes  as  the  more  inde- 
pendent member  of  the  three  behave  in  a  manner  which  indicates 
dysintegration  when  difficulties  are  encountered  by  the  central 
processes,  is  it  not  logical  to  believe  that  the  same  type  of  dysinte- 
grated  activity  will  occur  if  difficulty  is  encountered  by  the  vocal 
mechanism  ? 

As  has  been  demonstrated  by  the  investigators  of  silent  read- 
ing, the  eyes  stop  on  a  word  which  is  difficult  from  the  standpoint 
of  comprehension.  It  is  reasonable  to  believe  that  they  can  and 
will  stop  on  a  word  that  is  recognized  from  past  experience  as 
likely  to  be  associated  with  stuttering.  In  either  case  a  long 
fixation  would  be  the  result.  Again,  if  the  eyes  are  proceeding 
with  a  normal  lead  over  the  voice  and  the  vocal  mechanism  gets  in 
difficulty,  the  tendency  for  the  organism  to  eliminate  the  difficulty 
will  cause  the  eyes  to  regress.  If  this  occurs  often,  the  great 
number  of  regressions  noticed  in  the  eye-movement  records  of 
stutterers  will  be  found. 

The  occurrence  of  either  or  both  of  these  two  responses  to 
words  that  are  difficult,  not  from  the  standpoint  of  comprehension 
but  of  the  act  of  being  spoken,  will  result  in  a  greater  number  of 
fixations  per  line.  Keeping  attention  on  the  difficult  word  for  a 
long  period  of  time  will  cause  long  fixations,  and  regressive 
movements  as  mentioned  above  will  result  from  the  eyes  return- 
ing to  the  place  where  progress  is  stopped. 

The  reflexive  types  of  movements  noted  by  Jasper  and 
Murray  {^0)  were  present  in  some  of  the  records  obtained  in 
this  study.  They  appeared  in  some  of  the  very  long  fixations  in 
some  ^'s.  However,  it  is  thought  that  the  changes  in  the  meas- 
ures of  eye-movements  noted  in  the  data  and  the  changes  from 
situation  to  situation  noted  in  the  group  in  which  stuttering 
appeared  during  the  experimental  situation  were  more  often 
normal  reactions  of  the  eyes  to  the  difficulty  encountered  by  one 
of  the  three  processes  used  in  the  reading  act.  namely,  verbaliza- 
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tion.  The  latter  jn-ocess.  the  most  iinstahle  (uie.  determines  the 
degree  of  efiicienev  exhibited  by  the  eyes  in  tlie  exjK'rimental 
situation. 

The  variation,  then,  in  measures  of  eye-movements  from  situ- 
ation to  situation  is  in  all  jjrobability  the  result  of  failure  of  the 
vocal  mechanism  in  the  synergic  activity  of  reading.  The  reasons 
for  these  variations  will  be  treated  in  the  following  discussion  of 
breathing  and  action  currents  from  the  masseter  muscles.  These 
jjhysiological  systems  are  more  directly  emjiloyed  in  the  act  of 
verbalization  than  are  the  eyes. 

Ih'catJuiKj 

From  the  work  of  Sk(i(/(/s  (16)  it  is  learned  that  manifesta- 
tions of  breathing  activity  are  varied  by  differences  in  mental 
attitude.  lie  inxestigated  states  of  relaxatir)n.  mental  work, 
excitement  and  shock.  in  excitement  the  amplitude  and  rate  of 
breathing  were  increased.  Xcgiis  (  14  )  outlines  the  flexible  sub- 
ordination of  the  breathing  function  to  the  immediate  task  of  the 
individual.  Jolnisoii  (  H  )  and  Fletcher  (  5.  6  )  have  dealt  \\ith  the 
emotional  reactions  of  the  stutterer  to  the  speaking  situation. 

The  data  of  this  study  show  that  forces  inherent  in  the  situ- 
ation caused  reactions  in  the  breathing  activity  of  the  group 
affected  by  stuttering  that  are  opposite  in  direction  to  those 
re])orted  for  normals,  while  the  breathing  habits  of  the  non- 
afifected  group  demonstrated  the  more  nr)rmal  flexible  res])onses 
to  the  various  situations. 

In  the  silent  reading  situation  the  two  groups  were  foimd  to 
be  a])proximatel\"  e(|nal  by  all  the  measiu'es  applied  in  this  study. 
lour  situations  may  be  considered  as  situations  which  elicited 
mf)re  stuttering  in  the  affected  group.  These  were  ordinary 
reading,  relaxed  reading,  reading  difficult  sotmds,  and  jjroposi- 
tir)nal  speaking.  Performance  was  indicated  in  terms  of  the 
number  of  signalk-d  sjiasms,  the  number  of  recorded  abnormali- 
ties, and  tlie  amount  f)f  inefficiency  indicated  by  unfavorable 
measures  of  function  with  wide  varial)ility  from  the  mean. 

In  reading  with  7f  the  most  favorable  response  was  made  by 
the  affected  grouj)  in  all  measures  applied.      So  favorable  was  the 
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response  in  this  situation  in  all  three  experiments  that  the  values 
obtained  were  often  superior  to  those  obtained  in  any  situation 
for  the  non-affected  group.  The  reaction  in  the  latter  group  to 
reading  with  E  was  definitely  unfavorable  in  most  of  the 
measures. 

Apparently  the  nature  of  the  various  situations  was  an  impor- 
tant factor  in  causing  the  observed  differences.  An  empirical 
analysis  of  the  experimental  speaking  situations  in  terms  of  the 
task  and  the  history  of  the  stutterer  follows : 

1.  Ordinary  reading. 

a.    A  task  often  closely  connected  with  the  early  history  of  stuttering   in 

the  individual, 
h.   The    situation    represents    a    long    line    of    constant    attempts    (usually 

ending  in   failures)    to  participate  in  this   particular  activity  in  school 

life. 

c.  A  strong  amount  of  social  responsibility  is  inherent  in  the  situation. 

d.  The  situation  is  pervaded  with  emotional  feelings  of  embarrassment  and 
frustration  which  have  been  associated  with  attempts  to  carr}-  out  this 

2.  Relaxed  reading. 

a.  This  situation  has  all  of  the  factors  concerned  in  ordinary  reading  plus 
two  important  additions. 

b.  Most  stutterers  reveal  a  history  of  being  advised  "  to  relax,"  "  to  speak- 
more  slowly."  and  "  to  be  at  ease."  The  advice  was  not  eflFective  in 
the  past  and  in  many  cases  the  stutterer  reacts  unfavorably  to  such 
advice.  The  fact  that  he  cannot  do  the  apparently  simple  thing  sug- 
gested by  well  meaning  relatives  and  friends  bothers  him. 

c.  The  attempt  to  alter  consciously  the  synergic  systems  used  in  speaking 
calls  attention  to  the  speaking  mechanism  itself  and  to  the  manner  in 
which  it  functions.  In  the  altering  of  most  physiological  action,  which 
has  tended  to  take  on  the  aspect  of  a  bad  habit,  there  is  always  the 
necessity  of  being  satisfied  with  less  efficiency  for  a  period  until  the 
temporal  sequence  of  events  in  the  desired  act  is  sufficiently  perfected. 
The  development  of  form  in  athletic  activities  offers  excellent  examples 
of  this  principle.  The  stutterer  in  attempting  to  alter  consciously  his 
habitual  reactions  very  often  has  more  difficulty  than  when  he  attempts 
to  speak  in  his  ordinary  manner. 

3.  Reading  difficult  sounds. 

a.  Most  stutterers  believe  that  certain  sounds  cause  them  more  difficulty 
than  do  others.  Bryiigelson  (2).  Hendrickson  (9)  and  Broum  (1)  have 
found  little  correlation  between  any  particular  sounds  and  stuttering 
per  si'  for  stutterers  as  a  group.  Brazen  found  that  individual  stutterers 
stutter  more  frequently  in  relation  to  certain  sounds  than  they  do  in 
relation  to  others. 

b.  There  are  the  same  social  responsibility,  the  same  historical  features  of 

failure,  the   same  emotional   reactions  in  this   situation   as  in   the  two 
preceding  ones. 

c.  Stutterers  report  the  presence  of  apprehensiveness  as  the  eye  perceives 
words  containing  the  difficult  sounds  during  the  act  of  oral  reading. 
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d.  The  reading  situation  ])revents  the  use  of  substitutions,  thus  cutting  off 
one  means  ot  escajje  from  the  difficult  sound. 

4.  Propositional  speech. 

a.  This  situation  presents  in  general  the  same  historical  elements  as  the 
preceding  situations. 

b.  The  added  social  obligation  of  being  responsible  for  the  symbolic 
formulation  as  well  as  the  verbal  expression  tends  to  complicate  this 
j>articular  situation. 

c.  The  individual  himself  is  responsible  for  the  thouglit  expressed. 

5.  Reading  with  E. 

a.  The  social  responsibility  is  divided.  The  knowledge  that  someone  is 
tliere  tc;  "  carry  on  "  in  case  of  difficulty  is  fully  .sensed  by  the  stutterer. 
In  a  preliminary  exjieriment  for  the  stud\',  two  female  stutterers  were 
acting  as  .S"s.  P>oth  had  had  a  great  amount  of  difficulty  in  four 
situations.  When  the  time  came  to  try  reading  with  /:  he  was  engaged 
in  instrument  observation  and  adjustment.  One  of  the  stutterers  was 
asked  to  read  along  with  the  other  in  lieu  of  E.  Both  .Ss  started  to 
read,  apparently  with  great  confidence,  and  neither  had  a  single  spasm 
in  the  entire  situation. 

b.  The  history  of  such  activity  if  iliere  is  any  history,  is  one  of  success 
rather  tlian  one  of  a  series  of  failures. 

c.  A'isual  and  auditory  cues  are  given  by  /:  who  also  sets  the  tempo,  the 
jilirasing  and  to  a  certain  extent  the  emphasis. 

().    Reading  while  alone. 

a.  The  social  responsibility  has  largel_\-  if  not  comjiletely  dis.'ipiK-ared. 

b.  The  usual  histciry  is  one  of  success  rather  than  failure  as  in  tlie  situ- 
ation above.     There  are  exceptions  to  this. 

7.  Reading  semi-memorized  and  familiar  poetry.  The  reaction  tn  this 
situation  was  varied. 

a.  The  content  and  entire  thought-symbol  jiattern  are  familiar. 

b.  The  individual  is  an  interpreter  of  another  rather  than  himself. 

c.  -Any  proclivity  toward  certain  difficult  sounds  will  tend  to  be  expressed 
in  this  situation. 

d.  The  atttude  toward   f)fietry  itself  may  cause   reaction   to   this   situation. 


i'Voni  the  f()ret^M)in!^'  analysis  two  imjvortant  ij^eneral  factors 
stand  out.  (  1  )  Tlie  mere  act  of  social  confrontation  is  a  force 
that  acts  upon  and  chanjj^'es  the  individual.  S])eech  demands  that 
tlie  sj^'aker  take  the  s|)otliij;ht.  Sta<:,^e  fri<;ht  in  normal  sjx'akers 
may  result  in  interesting:^  |)hysiolo,<,ncal  and  hehavioral  manifesta- 
tions. (2)  The  onto<;enetic  history  in  relation  to  stntterinjj; 
increases  susceptibility  to  dysintej^ration  in  certain  t\pes  of 
situations. 

When  an  individual  neurophysioloj^ically  susccptihle  to  l)rcak- 
down  in  the  s|)eech  function  meets  a  situation  in  which  the  above 
factors  appear,  interaction  between  tlie  elements  in  the  situation 


FACTORS  7.V  THE  SYMPTOMATOLOGY  OF  STUTTERING      103 

and  the  neurophysiological  weakness  will  tend  to  result  in 
stuttering-. 

In  the  data  from  the  breathing  experiment  there  is  confirmation 
of  this  point  of  view.  In  ordinary  reading,  relaxed  reading, 
reading  difficult  sounds,  and  propositional  speaking,  both  factors 
are  present  to  a  high  degree.  The  result  in  the  affected  group 
is  lessened  amplitude  and  prolonged  duration  of  the  breathing 
cycles.  If  there  is  more  emotional  reaction  to  situations  in  which 
stuttering  occurs,  the  facts  noted  are  in  diametrical  opposition  to 
the  effects  of  similar  emotional  situations  upon  the  measures  of 
breathing  of  normal  speakers  as  noted  by  Skaggs  and  mentioned 
above. 

The  non-affected  group  respond  in  a  more  normal  way  to  all 
situations  except  propositional  speech  where  the  amplitude  for 
this  group  is  decreased  and  the  duration  of  inspiration  is  increased 
although  duration  of  expiration  did  not  increase  for  this  group. 
In  these  three  measures  for  this  particular  situation  the  records 
of  the  non-affected  group  tend  to  take  on  the  typical  picture  of 
the  affected  group  and  the  significant  thing  is  that  the  majority 
of  the  non-affected  group  did  stutter  in  this  particular  situation. 

In  those  situations  where  the  two  factors  of  social  confronta- 
tion and  adverse  ontogenetic  history  were  minimized  the  responses 
of  the  affected  groups  as  revealed  by  the  various  measures 
applied  tended  toward  that  of  the  non-affecled  group  and  of 
normal  speakers. 

The  data  on  the  frequency  of  breathing  abnormalities  show 
that  the  effects  of  these  two  general  factors  in  the  situations  are 
expressed  in  abnormal  physiological  activity  which  has  relation 
to  stuttering  and  the  speaking  act. 

This  susceptibility  of  the  organism  to  influences  in  the  speaking 
situation  strikes  a  hopeful  note  in  the  therapy  of  stuttering.  The 
ability  to  confront  difficult  situations  is  capable  of  development. 
Reactions  to  the  ontogenetic  factors  in  the  stutterer  may  be 
altered  by  getting  him  to  adopt  an  objective  point  of  view  toward 
his  speech  disorder.  It  might  be  said  that  unless  these  two  are 
given  attention  in  the  therapy,  stabilization  of  the  neurophysio- 
logical organization  of  the  individual  will,  in  a  measure,  be  pre- 
vented from  being  effective. 
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Action  Currents 

W'liat  has  been  said  about  the  experimental  situations  in  the 
(hscussion  of  breathinj^  aj)i)hes  to  physiological  expressions  of 
stuttering  in  action  currents  troni  the  masseter  muscles.  The 
same  correspondence  between  the  frecjuencv  of  si)asms  with  con- 
secjuent  aj)pearance  of  abnormalities  and  changes  in  the  si)eaking 
situation  appear  in  the  data  (U'  tlie  action  current  experiment. 

riiat  ])art  of  the  in\estigation  in  which  records  were  made  of 
attempts  to  dui)Iicate  abnormalities  of  action  currents  in  stut- 
terers suggests  the  nature  of  the  condition  in  the  masseter  muscles 
at  the  time  that  the  abnormalities  appear.  A  definite  techni(|ue 
is  necessar\-  to  simulate  successfully  the  action  current  abnor- 
■iualities  of  stutterers.  The  essence  of  this  techni(|ue  is  the  main- 
tenance of  a  type  of  balanced  withdrawal  of  activity  from  the 
nuisculature  under  investigation.  An  effort  must  be  made  to 
sustain  this  balance  between  ex[)ected  trouble  and  the  continuity 
of  s|>eaking.  When  the  trouble  comes  the  reaction  to  it  nmst 
be  made  in  as  delicate  a  manner  as  j>ossible.  All  of  these  state- 
ments are  froiu  the  standi)oint  of  the  normal  speaker  attempting 
to  (lui)licate  the  records  of  stutterers. 

The  condition  in  the  stutterer  is  not  definitely  known.  The 
low  general  amplitude  of  stutterers'  action  cmrents  plus  the 
instantaneous  expression  of  the  abnormalitv  suggest  two  possi- 
bilities. (1)  The  general  state  of  cortical  activit\-  is  such  as  to 
direct  (perhaps  imder  protest)  relatively  few  imj)ulses  ot  low 
intensity  into  the  musculature  in  (|uestion  during  the  lime  that 
the  stutterer  is  exjjeriencing  no  ol)servable  difficulty.  Dysorgani- 
zation  of  motor  lead  ma\'  occur  in  the  corte.x.  chaotic  activity 
ma\"  arise,  .and  the  observed  action  cm-rent  abnormality  during 
s])asm  may  result  from  such  dysorgani/.ation.  (2)  From  another 
])oint  of  view  the  stutterer,  due  to  the  two  factors  meiitir)ned  in 
the  analysis  of  the  speaking  sittiations,  may  be  in  a  state  of 
general  ap])rehension  or  of  continual  antici])alioii  that  dit^'iculty 
will  occur.  liis  reaction  to  this  luav  be  the  readiness  state  of 
balanced  relaxation  so  conspicuous  in  the  records  as  smail-anii)li- 
tude  action  currents.  ITe  may,  so  to  sj>eak,  be  riding  down  a 
narrow  lane  between  success  ruid  faihu'c  in  the  speaking  act. 
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When  the  spasm  strikes,  which  in  this  way  of  thinking  might 
be  the  mal-functioning  of  some  of  the  grosser  structures  in  the 
articulatory  mechanism  or  the  activation  of  a  vegetative  reflex 
under  control  of  lower  centers,  the  individual  habitually  acts  in 
one  of  three  ways:  (1)  by  an  immediate  strong  reaction  of  a 
disorganized  kind  which  results  in  the  type  of  abnormality  that 
bears  direct  relation  to  the  signalled  overt  spasm;  (2)  by  tem- 
porary withdrawal  of  activity,  which  state  is  followed  by  a 
successful  effort  to  break  the  spasm — this  type  would  be  indicated 
by  the  signal-spasm  relation  which  shows  that  the  signal  preceded 
the  appearance  of  the  abnormality;  (3)  by  withdrawal  of  activity 
until  the  spasm  has  passed  by  and  is  no  longer  active — this  would 
result  in  the  signalled  spasm  without  recorded  concomitant  action 
current  abnormality. 

The  data  show  that  the  relation  between  the  signalled  spasm 
and  the  occurrence  of  some  type  of  abnormality  is  high.  How- 
ever, the  occurrence  of  signalled  spasms  without  temporally 
related  physiological  expression  in  abnormalities  occur  frequently 
enough  to  warrant  some  thought.  Several  reasons  that  mav  be 
suggested  for  this  condition  are :  (  1  )  the  stutterer  waits  out  the 
spasm  as  suggested  above;  {2)  no  abnormality  is  present  in  the 
peripheral  structure,  due  to  a  block  occurring  centrally  \  (s)  abnor- 
mality is  not  expressed  in  that  part  of  the  mechanism  the  action 
of  which  is  under  observati(jn  ;  (4)  failure  to  record  an  abnor- 
mality accompanying  an  observed  spasm  may  be  due  to  failure 
of  the  apparatus  employed  in  the  recording;  (5)  no  abnormality 
may  have  been  present  during  the  spasm;  (6)  E  may  have  been 
deceived  in  signalling  what  he  thought  to  be  a  spasm,  but  which 
in  reality  was  a  pause  on  the  part  of  the  stutterer. 

VII.  Summary.  From  the  investigation  of  the  frequency  of 
appearance  of  abnormalities  and  changes  in  the  measure  of  func- 
tion of  the  movements  of  the  eyes,  of  the  action  of  the  breathing 
mechanism,  and  the  activity  of  the  masseter  muscles  as  indicated 
by  action  currents,  in  stutterers  it  was  found  that: 

1.  Changes  in  the  measure  of  function  of  the  eyes  varied  from 
situation  to  situation  in  stutterers  who  stuttered  in  the  experi- 
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mental  situation,  while  the  measures  tended  to  remain  constant 
for  stutterers  who  did  not  stutter  in  the  exjK.'rimental  situation. 

2.  The  influence  of  stuttering;  on  measures  of  breathing  was 
found  to  be  opposite  in  nature  to  that  ex|)ected  in  comparable 
breakdown  in  the  normal  speaker.  Embarrassment  and  emo- 
tional reaction  to  s[x.'ech  difficulty  seem  to  be  expressed  in  a 
decreased  amplitude  and  increased  duration  of  l)reathing. 

3.  F'requency  of  abnormalities  of  breathing  varied  from  situ- 
ation to  situation  in  the  affected  grouji.  Relation  to  the  signalled 
spasm  was  high  in  this  group.  The  non-affected  group  showed 
abnormalities  imrelated  to  overt  spasms,  except  in  ]iropositional 
sjieaking,  the  one  situation  in  which  the  majority  of  this  group 
did  stutter. 

4.  Frequency  of  action  current  abnormalities  varied  from 
situation  to  situation.  A  close  relationship  exists  between  the 
signalled  s})asms  and  the  a])pearance  on  the  records  of  action 
current  abnormalities. 

5.  Successful  duplication  by  a  normal  speaker  of  action  cur- 
rent abnr)rmalities  as  observed  in  the  stutterer  was  ])ossible  by  a 
definite  technique. 

['///.  Conchisious.  'J  he  data  seem  to  warrant  the  following 
conclusions : 

1.  The  decrease  in  efficiency  of  eye-movements  in  stutterers 
during  stuttering  seems  to  be  a  reaction  to  difficulty  [)resent  in 
one  of  three  physiological  mechanisms  used  in  the  speaking  act, 
namely,  verbalization. 

2.  Two  general  forces,  the  reaction  to  social  confrontation  and 
the  ontogenetic  factf)rs  surrounding  the  malady  of  stuttering, 
interact  with  the  neurophysiologically  susceptible  organism  of  the 
stutterer  and  produce  stuttering  in  those  situations  where  the 
three  are  present  to  a  sufficient  degree. 

3.  Stisceptibility  of  the  stutterer  to  changes  in  the  speaking 
situation  is  suggestive  of  the  efficacy  of  a  theraj)y  which  will 
increase  his  ability  in  social  confrontation  and  develop  within  him 
a  more  oljjective  point  of  view  toward  his  disorder.  Thera- 
peutical measures  of  this  sort  may  be  necessary  accf)mpaniments 
of  effort  to  stabilize  the  stutterer  neurophysiologically.      Tn  some 
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cases  such  therapy  might  enable  the  individual  to  exert  success- 
fully that  degree  of  stability  which  he  possesses. 
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A  sti;l)\'  ok  'rill-:  kx'i1':xt  ok  dwssvnergia 

OCCLKRIXG  DLKI\(.  TllK  STUTTERING 

SRASM 

by 

ClIAkLKS   S  rkOTHKK 

/.  IntroductiDii.  Since  the  work  of  Ihillc  (  8)  and  Ten  Catc  (  16) 
in  the  early  jiart  of  tlie  present  century,  the  stutterinj;-  synch-otne 
has  l)een  subjected  to  extensive  experimental  study.  Most  (^f 
this  work  has  been  (hrected  to  an  analysis  of  th.e  syniptoniatol()<^y 
of  stutterin<;-,  in  the  belief  that  a  thorough  knowledge  of  the 
symptoms  would  throw  valuable  li.^ht  on  the  nati.u"e  of  tiiis  dis- 
order. Studies  have  been  made  of  breathing,  voice,  j^ross 
larvnsj^eal  movements,  masseter  muscle  activity,  and  eye  move- 
ments separately,  or  of  the  relationshi[)  between  two  of  these 
activities.  It  seemed  desiral)le  to  attempt  to  i^et  a  composite 
picture  of  the  spasm  by  recording  simultaneously  as  many  of 
these  activities  as  possible.  It  was  thought  that  such  records 
would  throw  light  on  the  following  ([uestions  :  (1)  what  is  the 
temporal  reiationshij)  between  various  symptoms  of  stuttering 
and  the  \arious  parts  of  the  stuttering  s])asm?^  (2)  to  what  extent 
is  an\'  one  symptom  ch.aracteristic  ot  the  stuttering  spasm?' 
(3j  how  extensive  is  the  d\ssynergia  that  is  presumed  to  exist 
during  the  stuttering  sijasm?* 

//.  .Uialxsis  of  lite  l>roblcm.  A  number  of  problems  arose  at 
the  outset.  In  the  first  ])lace,  it  was  necessary  to  adopt  some 
criterion  of  the  occurrence  of  the  stuttering  spasm.  It  must  be 
recognized  that  the  o\ert  spasm  may  not  be  itlentical  with  the 
'essential'  spasm  in  frecpiencv  of  occurrence  or  in  duration. 
The  overt  spasm,  i.e..  the  ])erceptil)le  interruption  nt  the  si)eech 
rluthni.  is  conceixed  of  as  a  conijilex  reaction  jjattern  in  which 
iiiiidciital  associated  nio\ cnu-nt^  which  are  merel\'  reactions  to 
the    si>asni   overlie    neuromuscular   di>tin"bances    that    aie   cliarac- 
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teristic  of  the  '  true  '  or  '  essential  '  spasm.  At  present,  however, 
there  is  no  criterion  of  the  occurrence  of  a  '  true  '  spasm  which 
is  more  rehable  than  the  overt  spasm.  Determination  of  the 
overt  spasm  is,  admittedly,  subject  to  error.  In  the  first  place 
it  is  dej)endent  upon  the  acuteness  of  E.  In  the  present  investi- 
gation, due  to  the  limitation  of  space  in  the  sound-insulated 
recording  room,  it  was  not  feasible  to  use  more  than  one  E,  who 
went  through  a  training  series  in  which  his  results  were  checked 
against  the  stutterer's  own  reports  until  a  high  degree  of  relia- 
bility in  detecting  the  spasms  had  been  attained.  Even  with  the 
most  highly  trained  E?,  however,  reliability  in  indicating  spasms 
of  brief  duration  is  invariably  low.  Consequently,  in  the  present 
study,  no  spasms  less  than  500  ms.  in  duration  have  been  included 
in  the  results. 

The  second  problem  in  setting  up  the  study  was  the  deter- 
mination of  the  activities  to  be  recorded.  Since  as  complete  a 
picture  of  the  stuttering  spasm  as  possible  was  desired,  it  seemed 
advisable  to  record  activities  connected  with  three  phases  of  the 
speech  jsrocess :  respiration,  phonation,  and  articulation.  For 
this  purj)ose,  records  were  made  of  respiratory  movements  of  the 
upper  thorax  by  means  of  a  pneumograph  placed  at  the  level  of 
the  armjnts  and  of  the  lower  thorax  by  means  of  a  pneumograph 
placed  at  the  level  of  the  ziphoid  process  ^ ;  the  sound  wave  was 
photographed  as  the  best  available  index  to  laryngeal  activity  ^ ; 
and  electro-myograms  were  made  of  the  activity  of  the  facial 
muscles,  principally  the  masseters,  as  representative  of  the  activity 
of  the  articulatory  mechanism  "''.  In  addition,  it  was  thought 
desirable  to  attempt  to  investigate  the  possibility  of  dyssynergic 
activity  of  bilaterally  paired  muscle  groups,  since  this  would  yield 
information  on  the  extent  to  which  unified  control  by  the  central 
nervous  system  of  bilaterally  paired  muscle  groups  was  disturbed 
during  the  stuttering  spasm.  For  this  purpose,  records  were 
made  of  the  activity  of  the  two  sides  of  the  lower  thorax  at  the 
level  of  the  floating  ribs'*;  of  homologous   facial  muscles;  and 

1  Designated  as  Vertical  Breathing  records. 

2  Designated  as  Voice  records. 

3  Designated  as  Action  Current  records. 

*  Designated  as  Horizontal  Breathing  records. 
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of  the  vertical  and  horizontal  movements  of  the  eyes  ^  The 
techniques  available  at  present  do  not  make  practicable  the  study 
of  isolated  homologous  speech  muscles.  However,  a  previous 
study  (20)  had  established  the  presence  of  asymmetry  in  breathing 
curves  taken  from  the  two  sides  of  the  abdomen  and  it  was  felt 
that  such  records  would  give  the  best  available  evidence  of 
dyssynergic  activity  of  the  lateral  sides  of  the  breathing 
mechanism. 

In  another  previous  study  (19),  dyssynergia  had  been  observed 
in  the  activity  of  houKjlogous  facial  nmscles  involved  in  articu- 
lation. In  the  present  study,  small  surface  electrodes  [)laced 
over  the  respective  masseter  muscles  were  used  to  record  this 
activity.  While  the  resulting  action  current  pattern  is  primarily 
from  the  masseter  muscles,  adjacent  nuiscles  such  as  the  risorius, 
zygomaticus,  and  orbicularis  oris  have  some  effect.  All  of  these 
muscles,  however,  are  bilaterally  paired,  and  differences  found  in 
the  myograms  ivoiw  opposite  sides  of  the  face  would  be  evidence 
of  bilateral  dvssvnergia. 

Records  of  vertical  and  horizontal  movements  of  the  eyes  pro- 
vided an  opportunity  to  determine  whether  the  neuronmscular 
disturbance  presumed  to  be  present  during  the  stuttering  spasm 
is  sufficiently  widespread  to  disturb  the  co-ordination  of  paired, 
bilaterally  innervated  muscle  groups  which  are  not  part  of  the 
speech  mechanism.  Since  the  mechanisms  for  control  of  volun- 
tary conjugate  and  disjunctive  movements  of  the  eyes  are  highly 
complex  and  are  of  comparatively  recent  development  both  phylo- 
genetically  and  ontogenetically,  it  would  seem  logical  to  expect 
that  an  extensive  neurological  disturbance  would  reveal  itself  in 
some  ocular  dyssynergia. 

At  this  point  in  the  analysis  of  the  problem  there  became 
a{)parent  the  necessity  for  careful  definition  of  the  '  symptoms  ' 
or  '  evidences  of  dyssynergia  '  which  were  to  be  studied.  Stut- 
tering, as  it  is  customarily  defined,  is  an  interruption  of  the 
normal  rhythm  of  speech.  In  describing  the  symptoms  of  stut- 
tering, we  are  not  primarily  interested  in  presenting  various 
evidences  of  interruption  of  the  speech  processes.     To  show,  for 

^  Dc'sif^natcd  as   I'.yc-MovciiK'iit  records. 
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example,  that  the  processes  of  respiration  and  of  phonation  have 
been  suspended,  or  prolonged,  or  clonically  repeated,  is  merely  to 
demonstrate  that  stuttering  has  taken  place.  This  is  little  more 
than  description.  If  symptomatological  studies  are  to  contribute 
to  our  understanding  of  the  syndrome  they  must  go  beyond  this 
point  and  attempt  to  reveal  why  the  speech  processes  have  been 
interrupted.  This  fact  has  been  recognized  in  numerous  studies. 
Those  of  L.  E.  Travis  {^9),  Bryngelson  {'^) ,  V.  Trat/is  (20) , 
and  Murray  (15j  are  illustrative.  These  studies  have  described 
and  analyzed  what  have  been  called  variously  '  inco-ordinations,' 
'  dissociations,'  and  '  dysintegrations.'  In  the  present  study,  the 
term  '  dyssynergia  '  is  substituted  because  of  its  more  general 
meaning.  The  use  of  this  term  simplifies  reference  to  disturb- 
ances of  muscular  co-ordination  in  a  system,  such  as  the  eyes, 
which  is  not  an  integral  part  of  the  speech  mechanism.  The 
term  '  dysintegration  '  here  is  confined  to  the  lack  of  integration 
between  various  parts  of  the  speech  mechanism,  while  the  term 
'  asymmetry  '  or  '  inco-ordination  '  will  be  used  to  designate  a 
lack  of  co-ordination  in  the  functioning  of  homologous  structures. 

The  present  study,  then,  is  concerned  with  the  dyssynergia 
occurring  during  the  stuttering  spasm.  What  is  to  be  considered 
evidence  of  dyssynergia?  For  an  answer  to  this  question  it  is 
necessary  to  turn  to  the  results  of  those  previous  studies  in  which 
the  various  activities  here  investigated  have  been  dealt  with 
separately. 

Respiratory  movements  of  the  thorax  during  stuttering  have 
been  studied  by  Halle  (8),  Ten  Cafe  (16),  Gutsmann  (7), 
Fletcher  {A),  L.  E.  Travis  (U),  Fossler  (5),  V.  Travis  (20), 
and  others.  All  of  these  investigators  agree  that  abnormalities 
of  breathing  accompany  stuttering.  Since,  as  Fletcher  points 
out,  there  are  as  many  varieties  of  breathing  as  there  are  varieties 
of  stuttering,  the  list  of  the  abnormalities  which  have  been 
described  is  too  long  to  quote  here.  It  has  been  adequately  sum- 
marized by  Fosslcr(S).  From  this  list  the  following  abnor- 
malities have  been  selected  as  evidence  of  dyssynergia  in  the 
activity  of  the  mechanism  of  respiration : 
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1.  Antaj^'onisni  between  the  activity  of  upper  and  Icnver  levels 
of  the  thorax,  re}xirted  by  L.  E.  Travis  and  Fosslcr  {cf.  Fig.  3). 

2.  Prolonged  ins])iration.  occasionally  accompanied  by  vocali- 
zation, reported  by  Halle,  L.  E.  Trai'is,  and  Fosslcr  {cf.  Fig.  2). 


ig.  I.  Expiration  interrupted  by  inspiration 


Fig.  2  Prolonged  inspiration 


fig  5.  Opposition 


FigS.  Clonic  blo.'-K 


Fig  4  Tonic  block 


Fk.s.  1-5.  T\])ic;il  hrcatliinL;  aljiiornialitics.  'Ilic  lowir  line  is  from  the 
I'lwer  tliorax  ;  tlie  stcdiKJ  lino  is  from  the  npinr  tliorax ;  the  third  line, 
where   sIkiwii.    sisjiials   the   overt    spasni.      I  )o\vn^tr(ikes    indicate    inspiration. 


.■).    inspiration     broken     into     bv     e-Xjiiration,     or     vice     versa, 
reported  by  I'lciclicr  and  Fosslcr   icf.    I'ig.   1  ). 

4.  Clonic   and   tonic    intcrnij)tions   of   e.\j)iration.    reported    bv 
JIallc,  (iKtciiKiini.  I..  F.  'J'nr:'is.  and  J'osslcr  [cf.  bigs.  4.  5). 

5.  Asymmetry  in  the  acti\it\-  of  the  lateral  sides  of  the  al)do- 
men   (reiKirted  by  / '.    icavis). 
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Studies  of  vocal  disturbances  in  stuttering  have  been  made  by 
L.  E.  Travis  and  Bryngelson.  All  these  investigators  report  the 
following  phenomena,  which  may  be  taken  as  evidence  of  dys- 
synergic  activity  of  the  intrinsic  musculature  of  the  larynx : 

1.  Tonal  fixation  and  rigidity.  This  criterion  could  not  be 
included  in  the  present  study  because  of  limitations  on  the  speed 
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Figs.  6-8.  Abnormalities  in  vocal  tones.  Fig.  6,  single  waves  :  Fig.  7, 
variation  in  length  of  consecutive  waves :  Fig.  8,  abnormal  tonal  ending. 
Fig.  9  is  a  typical  abnormal  action  current  pattern.  Upper  line  in  each  is 
record  of  voice:  two  middle  lines,  action  currents  from  left  and  right 
sides  of  the  face,  respectively ;  lower  line,  time  in  .250  sec,  designating 
also  the  spasm  period. 

of  the  recording  film,  necessitated  by  simultaneous  photography 
of  action  currents  on  the  same  film. 

2.  Pathologic  variations  in  form,  extent,  and  length  of  con- 
secutive waves  (Fig.  7). 

3.  Isolated  waves  (Fig.  6). 

4.  Abnormal  tonal  attacks  and  endings   (Fig.  8). 

Action  currents  from  homologous  muscles  of  the  face  have 
been  recorded  by  L.  E.  Travis,  who  finds  in  stutterers  a  number 
of  abnormalities,  all  of  which  may  be  included  under  the  follow- 
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ing  head:  asymmetry  of  pattern  in  action  currents  (obtained  from 
homologous  muscle  groups  on  opposite  sides  of  the  face  (Fig.  9). 

Studies  of  the  eye-movements  of  stutterers  have  been  made  by 
Jasper  (10),  Murray  (15),  and  Jasper  and  Murray  (H).  With 
the  exception  of  a  part  of  Jasper's  work,  all  the  observations  pre- 
sented have  been  of  the  eye-movements  of  stutterers  in  the  read- 
ing situation.  Kelly  (14)  has  pointed  out  that,  while  there  seems 
to  be  a  common  element  in  reading  and  speech  disabilities,  the  two 
defects  to  a  c(jnsiderable  extent  show  inde^x^ndent  variability. 
For  this  reason,  in  the  present  study  it  was  decided  to  eliminate 
the  reading  situation  and  photograph  the  activity  of  the  eyes 
while  they  were  fixated  on  a  point.  This  eliminated  the  abnor- 
malities of  movement  which  might  result  solely  from  a  reading 
disabiltiy  and  made  it  possible  to  study  the  effect  of  the  stuttering 
spasm  on  the  highly  complex  act  of  convergence.  Jasper  and 
Murray  {H)  studied  eye-movements  of  stutterers  in  a  reading 
situation;  they  report  various  tyjx^s  of  nystagmus  during  the 
stuttering  spasm.  Since  nystagmus  is  not  characteristic  of  the 
eye-movements  of  normals  during  fixation  ( 2  ;  3,  p.  580).  it  is 
indicative  of  a  disturbance  of  normal  muscular  co-(3rdinati()n  and 
thus  is  to  be  considered  evidence  of  dyssynergia. 

T(j  summarize,  in  the  present  study  the  following  are  con- 
sidered to  be  evidences  of  dyssynergia  : 

In  the  breathing  records:  (1)  antagonism  between  the  activity 
of  the  upper  and  lower  levels  of  the  thorax;  (2)  prolonged 
inspiration,  es[Xicially  when  accompanied  by  phonation ;  (^)  inspi- 
ration broken  into  by  expiratif)n,  or  vice  versa;  (4)  clonic  or 
tonic  interruptions ;  (  5 )  asymmetry  in  the  activity  of  the  lateral 
sides  of  the  abdomen.  In  the  voice  records  :  (  1 )  pathologic  vari- 
ations in  the  form,  length,  or  intensity  of  consecutive  waves; 
(2)  isolated  waxes;  (3)  abnormal  tonal  attacks  and  endings.  In 
the  action  current  records  :  asvmmetry  of  pattern  in  the  action 
currents  olitained  from  homologous  muscle  groups  of  the  face. 
In  the  eye  records:  nystagmus. 

///.  Subjeets.  The  Ss  were  stutterers  in  the  si)eech  clinic  at 
the  State  University  of  Iowa.  In  the  first  series  of  records, 
15  .9s  were  used.      With  the  exception  of  two,   they  had  been 
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under  treatment  for  varying  lengths  of  time  and  were  thoroughly 
familiar  with  laboratory  procedure.  In  the  second  series,  17  .S's 
were  used,  of  which  four  had  been  included  in  the  first  series. 
Eight  of  these  6's  had  not  been  under  treatment  prior  to  the  time 
the  records  were  made  and  were  not  accustomed  to  laboratory 
procedure. 

IV.  Apparatus.  The  apparatus  used  to  record  breathing  con- 
sisted of  a  Stocking  long-paper  kymograph  driven  by  a  spring 
motor,  four  Sumner  pneumographs,  each  of  which  was  connected 
by  rubber  tubing  to  a  Jacquet  tambour,  a  Jacquet  chronometer 
set  to  record  time  in  units  of  yi  sec,  a  mercury  manometer  used 
to  equalize  the  air  pressure  in  the  pneumographs,  and  a  specially 
designed  chair.  This  chair  (similar  to  that  used  by  V.  Travis,  20) 
had  adjustable  arms  and  a  stable  cross-piece  perpendicular  to  the 
back.  With  S  seated  in  the  chair,  one  end  of  each  pneumograph 
used  to  record  breathing  curves  from  the  two  sides  of  the  thorax 
was  fastened  to  the  cross-piece  in  back  and  passed  around  one  side 
of  the  thorax  to  attach  to  the  opposite  arm  of  the  chair. 

A  standard  Westinghouse  oscillograph  was  used  to  record  voice 
and  action  currents.  One  element  was  used  for  the  voice,  two 
for  the  action  currents,  and  the  fourth  was  activated  by  a  General 
Radio  Type  377-B  low  frequency  oscillator,  to  provide  a  time- 
line of  250  ~.  The  voice  was  picked  up  by  a  Jenkins  and  Adair 
C6  condenser  microphone  with  one  additional  stage  of  amplifi- 
cation. The  apparatus  used  for  the  action  currents  was  the 
same  as  that  described  by  Travis  (  19j.  It  consisted  of  two  pairs 
of  surface  electrodes,  each  electrode  being  made  of  a  thin  brass 
strip,  four  cm.  long  and  one  cm.  wide,  covered  with  Canton 
flannel  which  was  saturated  with  concentrated  saline  solution 
The  paired  electrodes  were  fastened  one  cm.  apart  in  a  bakelite 
base.  Two  perfectly  matched,  non-interfering,  resistance-coupled 
amplifiers  were  employed.  The  oscillograph  elements  connected 
to  these  amplifiers  were  adjusted  to  the  identical  sensitivity  of 
.045  in.  deflection  per  milliamj>ere.  The  amplifying  recording 
units  had  flat  frequency-deflection  curves  between  90  and  900 
c.p.s.  for  constant  input  voltage. 

Records   of   eve-movements   were   obtained   bv   means   of   the 
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Iowa  eye-movement  camera  (12).  Several  modifications  were 
made  in  this  instrument  to  adapt  it  to  the  purposes  of  the  present 
study.  A  tliird  lens  was  added  to  the  two  eye  lenses  so  that 
head-movements  as  well  as  eye-movements  could  be  recorded. 
The  head-movements  were  obtained  by  ])hotoorraphin.c;  the  reflec- 
tion from  a  small  silver  mirror  held  in  the  middle  of  .V's  forehead 
by  a  S])ecially  coTistructed  sjjcctacle  frame.  Inde|>endent  light 
sources  were  used  for  the  eyes  and  head  mirror.  They  consisted 
of  three  50-can(llepou'er  automobile  headlit^dit  bull)S.  each  incased 
in  a  brass  tube  with  an  o])enint(  3  mm.  in  diameter,  into  which 
was  fitted  a  cobalt  blue  filter.  Tlie  time-line  device  and  film 
drive  on  the  orii^nnal  camera  had  to  be  dis])ense(l  with,  since  the 
motors  could  not  be  satisfactorily  shielded  from  the  action  cur- 
rent set-up.  The  film  was  driven  by  a  hand  crank  and  a  sii^mal 
marker  w.as  mounted  in  the  recordini,^  box  so  that  a  beam  of  ]ij:]^ht 
could  be  directed  on  both  the  vertical  and  horizontal  films  at  their 
point  of  crossin*,'.  A  ]>endular  liiL^dit  interrupter  also  was  mounted 
in  the  recording  box  to  make  it  possible  to  determine  from  the 
record  tlie  relative  jiositions  of  the  eyes  and  head  at  given 
moments. 

The  signal  circuit  consisted  of  a  storage  battery  and  a  key 
connected  to  iln-  signal  light  in  tlie  eye-camera,  to  a  signal  magnet 
on  the  kymo<^n-aph  set-up,  and  to  the  oscillograyih  element  which 
[>rovided  a  time-line  on  the  oscillograjili  film.  When  the  signal 
key  was  de])ressed,  simultaneous  points  were  recorded  on  the  two 
eye-films,  on  the  kymograph  record,  and  on  the  oscillograpli  film 
which  was  recording  the  voice  and  the  action  currents. 

/\\\  auxiliary  signal-circuit,  consisting  of  a  key  and  two  dry- 
cell  l)atteries,  controlled  a  signal  light  over  the  f)Scillogra])h.  This 
served  as  a  starting  and  stopping  signal  for  the  oscillograpli 
ope-rator. 

A  crystal  head-set  with  an  additional  stage  of  anijilification 
wa'^  t.'i|)|K(l  into  the  action  current  lines  to  make  possible  a  con- 
stant check  on  the  action  current  set-up.  The  \oice.  action 
currents,  and  e\(-nio\ements  were  recorded  on  Mastman  No.  1 
?)?  mm.  recording  pajier. 

/'.   Procedure.      Ik-fore    each    S    was    brought    in,    the    entire 
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apparatus  was  checked.  Male  5s  removed  clothing  to  the  waist- 
line;  with  female  6's  the  pneumographs  were  adjusted  over  light 
clothing-.  The  upper  pneumograph  was  placed  at  the  level  of 
the  armpits  and  the  lower  pneumograph  at  the  level  of  the  xiphoid 
process.  The  air  pressure  in  these  pneumographs  was  equalized 
by  means  of  the  mercury  manometer.  .S"  then  was  seated  in  the 
special  chair  and  the  lateral  pneumographs  were  adjusted  at  the 
level  of  the  floating  ribs.  Air  pressure  in  these  pneumographs 
also  was  brought  to  the  standard  reading  on  the  manometer. 
Each  pneumograph  was  then  connected  to  its  respective  tambour 
by  means  of  rubber  tubing. 

The  electrodes,  saturated  with  saline  solution,  were  then 
adjusted  in  identical  positions  with  reference  to  the  ear  and  angle 
of  the  jaw.  over  the  belly  of  the  masseter  muscles.  Leads  to  the 
action  current  amplifiers  were  connected  to  the  electrodes.  The 
electrode  contacts  and  amplifier  circuits  were  tested  by  means  of 
the  head-set.  A  second  check  was  provided  by  observing  the 
action  current  lines  in  the  oscillograph  mirror.  The  mirror  was 
then  removed  from  the  oscillograph  and  the  recording  camera 
put  in  place. 

The  microphone  was  placed  in  [)osition.  the  head-line  bead 
adjusted,  and  5^  clamped  in  the  head-rest.  The  eye  and  head 
lights  were  turned  on.  5  was  instructed  to  focus  his  eyes  on  a 
given  spot,  approximately  16  in.  in  front  of  him  and  6  in.  above 
the  plane  of  the  eyes.  The  lights  were  focused  and  the  reflec- 
tions from  the  head-line  bead  and  from  the  corneas  of  the  eyes 
were  focused  on  the  vertical  and  horizontal  films. 

The  action  current  set-up  was  rechecked  through  the  head-set 
and  the  breath  recording  apparatus  was  checked  by  making  a  very 
short  trial  record  on  the  kymograph  paper.  The  focus  of  the 
eyes  was  rechecked  and  the  entire  recording-signal  circuit  tested. 

While  these  checks  were  being  made,  S  was  instructed  as 
follows : 

"  Throughout  this  recording  process,  allow  yourself  to  stutter  normally. 
Make  no  attempt  to  avoid  or  inhibit  the  spasm.  You  must,  at  all  times,  keep 
your  eyes  fixated  on  the  spot.  I  will  soon  speak  a  word  and  count  to  three. 
A  moment  after  the  count  of  three  I  want  you  to  repeat  the  word  I  have 
spoken.     Remember  to  keep  your  eyes  constantly  on   the   spot." 
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E  then  \vf)nl(l  say  'ready.'"  and  tlie  ojK-ratdrs  at  the  oscillo- 
^n'a])h,  kynut<,M"a|)lK  and  eye-camera  would  answer  '  ready.'  A 
sjx)ken  word  served  as  tlie  si<i^nal  for  start ini,^  the  eye-camera  film 
and  the  kymograph.  Simultaneously,  the  oscillograph  starting:;; 
si^i^nal  was  "^iven  hy  i>ressini^  the  key  in  the  auxiliary  sij:i^nal 
circuit.  A  count  of  three  was  given  and  at  each  count  the  record- 
ing signal  key  was  pressed,  giving  sinuiltaneous  identification 
points  on  all  records.  Following  the  count  of  three.  .V  attempted 
to  sj>eak  the  word  which  li  had  ]>ronounced.  If  stuttering 
occurred,  the  recording-signal  key  was  held  down  for  the  dura- 
tion of  the  overt  spasm.  Shortly  after  the  end  of  the  spasm, 
recording  stopped  and  the  a])paratus  was  rechecked  in  jjreparation 
for  the  next  trial. 

If  no  spasms  were  ohtained  hy  this  jirocedure  on  the  first  four 
or  fi\e  trials,  S  was  asked  to  use  free  jn'ojvositional  speech.  The 
numher  of  trials  varied  with  each  case,  dejjending  on  such  factors 
as  length  of  spasm,  etc.  Efforts  were  made  to  keep  the  v9s 
entirely  at  ease,  and  the  success  of  these  eft'orts  is  attested  to  bv 
the  fact  that  some  .S\s  who  were  least  accustomed  to  laboratory 
procedure  stuttered  slightly,  if  at  all,  during  the  recording. 

Two    series    of    records    were    obtained.      In    the    first,    action 
currents,  voice,  and  breathing  records  were  made.      In  the  second 
series  eye-movements  also  were   recorded. 
VI.  Resnils. 

Frequency  of  oeciin-etice  of  abnormalities  studied.  Tables  I 
and  II  show,  for  the  first  and  second  series  of  records  res]X'C- 
tively.  the  frec|uency  of  occurrence  of  the  various  abnormalities 
studied,  in  terms  of  per  cent  of  s])asms  in  which  records  for  the 
g'iven  activity  were  obtained.  The  following  are  the  most  sig- 
nificant facts  to  be  drawn  from  these  data: 

1.  In  onlv  seven  of  the  15  cases  in  tlie  first  series  does  any 
given  tyiK.'  of  abnormality  occur  in  all  spasms.  In  the  second 
series,  nine  of  the  17  ,S^s  show  a  given  tyjx'  of  abnormality  in 
every  spasm  recorded.  That  this  figure  might  be  lf)\ver  if  a 
larger  number  of  spasms  had  been  recorded  for  each  individual 
is  shown  by  the  data  for  cases  4  and  5.      In  the  second  series, 
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both  of  these  individuals  reveal  certain  types  of  abnormality  in 
every  spasm  recorded,  yet  in  the  first  series  in  neither  case  did 
any  given  type  of  abnormality  occur  in  all  the  spasms. 

2.  Correlations  between  the  frequencies  of  occurrence  in  the 


Table  I.     Frequency  of  occurrence  in   Scries  J   of  various  abnormalities 

studied  in  terms  of  per  cent  of  spasms  in  which  records 

were  obtained  for  the  giz'en  activity 

Type  of  Abnormality 


/■ 

^ 

Case  No. 

AC 

V 

VB 

HB 

1 

31 

100 

0 

2 

100 

63 

38 

0 

3 

47 

74 

82 

12 

4 

0 

25 

75 

0 

5 

33 

100 

100 

0 

6 

45 

91 

0 

7 

87 

100 

100 

0 

8 

80 

80 

60 

0 

9 

60 

0 

25 

0 

10 

20 

71 

86 

0 

11 

91 

83 

100 

0 

12 

33 

100 

0 

13 

75 

62 

13 

0 

14 

0 

100 

50 

0 

15 

8 

46 

46 

0 

Table  II.     Frequency  of  occurrence  in  Series  II  of  the  I'arious  types  of 

abnormality  in  terms  of  per  cent  of  spasms  in  zvhich  records 

of  the  given  activity  were  obtained 

Type  of  Abnormality 


Case  No. 

AC 

V 

VB 

HB 

EM 

4B 

0 

100 

100 

0 

80 

5B 

100 

71 

100 

100 

lOB 

0 

55 

92 

0 

64 

IIB 

75 

83 

100 

0 

50 

lie 

100 

100 

100 

0 

0 

16 

0 

82 

91 

0 

73 

17 

92 

0 

44 

18 

100 

58 

92 

0 

100 

19 

25 

92 

100 

0 

75 

20 

100 

100 

0 

0 

66 

21 

33 

50 

58 

0 

25 

22 

50 

40 

80 

10 

78 

23 

25 

25 

75 

0 

100 

24 

33 

50 

50 

0 

0 

25 

33 

0 

0 

26 

78 

61 

100 

0 

76 

27 

17 

65 

17 

28 

64 

71 

8 
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various    types    of    abnoruiality    show    no    statistically    significant 
relationship.      The  actual  intercorrelations  are  '' : 

Scries  I 


r 

PE 

AC  and 

\' 

.18 

.19 

AC  and 

VB 

-.01 

.18 

V  and 

VII 

.68 

.11 

Scries 

II 

AC  and 

V 

-.04 

.1';* 

AC  and 

VB 

.18 

.1<) 

AC  and 

KM 

.-'5 

.17 

V  and 

VB 

.47 

.10 

\'  and 

EM 

.20 

.V) 

VP>  and 

i<:m 

.28 

.17 

TcDiporal  rchituniship  of  the  Z'drioiis  (ihnonudlitics  studit'd  to 
the  overt  sl^cisiii.  Tahles  111  and  IV'  siiow,  for  the  first  and 
second  scries  res[)ectivcly,  the  temporal  relationship  of  the  various 
types  of  ahnonnality  to  the  overt  spasm,  in  terms  of  the  actual 
nunihcr  of  abnormalities  reccMxied.  The  most  significant  facts 
contained  in  these  data  arc: 

1.  Sixty-nine  [jer  cent  of  all  ahnormalities  in  the  first  series 
occur  only  during  the  overt  si)asm.  In  the  second  series,  this 
percentage  is  71.  Conversely,  M  [)er  cent  and  2'*  [)er  cent 
respectixely  of  all  al)normalities  occur  at  a  period  other  than  the 
overt  spasm. 

2.  X'oice  and  X'ertical  Breathing  ahnormalities  sh.DU  the 
highest  tempiiral  correlation  with  the  overt  spasm,  since  a  larger 
percentage  of  these  abnormalities  occur  during  the  overt  spasm 

'■These    Cdrrelatiniis    were    computed    l)y    tlie    rank-order    inetliDd,    usiuij;    the 
formula  : 


.  =  1 


N(N-— 1) 

They  were  translated   into  a  product-moment   r  l)y   means  of   the  table  given 
by  Garrett  (6,  p.  192). 
The  formula  for  Pl^,   is  : 

pp  _.7063(C-r) 

Vn 
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and  at  no  other  time  '.     The  actual  percentages  of  the  various 
abnormahties  occurriiij^  only  durinj^  the  overt  spasm  are: 

Series  I  Series  II 

AC  ?,2% 

V  94 

VB  93 

HB 

EM  50 

Table  III.     The  tciiiponi!  relationship  of  the  Tariou^  ahnonnalities  to 

the  overt  sf>asifi.  in   terms  of  the  aciiial  number  of 

abnormaliiies  recorded  in  Series  I 

Time  of  Occurrence  Relative  to  the  Overt  Spasm 


AC 

52% 

V 

77 

VB 

HB 

5  A 

BDA 

Total 

/^ 

7 

63 

1 

0 

58 

0 

7 

88 

u 

0 

2 

Type  of 

record  B  D  A  BD  DA 

AC  6  ?,i  1  7  7 

V  2  45  1  5  4 

VB  0  66  0  12  3 

HB  0  2  0  0  0 

Totals  8  146  2  24  14  3  14  211 

In  Ta!)le>;   III   and    I\'   the  time  catetjcries  are  discrete.      For   exani])le,   under   the 

category     BDA     are    tabulated  oidy     the     numl)er    of     aiinormalities     that     persisted 

throusjhout   the  periods  before,  during,   and   after  the  overt   spasm. 


Table   IV.      The   temporal   relationship,   for  Series   II.   nf   the   various 
abnornialities  to  the  overt  spasm,  in  terms  of  the  actual 
number  of  abtiornndities  recorded  * 

Time  of  Occurrence  Relative  to  the  Overt  Spasm 


Type  of 
record 

B 

D 

A 

A 

BU 

DA 

BA 

BDA 

Total 

AC 

3 

23 

1 

5 

15 

3 

21 

71 

V 

1 

90 

3 

1 

1 

1 

97 

VB 

113 

7 

1 

121 

HB 

1 

1 

EM 

5 

46 

1 

13 

10 

1 

16 

92 

Totals 

9 

272 

6 

26 

26 

4 

39 

382 

*  See  legend,  Table  III. 

The  extent  of  dyssynergia  occurring  during  flic  overt  s/yasm. 
Tables  V  and  \^I  show,  for  the  first  and  second  series  of  records 
respectively,  the  number  of  activities  i^ivini:^  evidence  of  dys- 
synergia during  the  overt  spasm.  The  most  significant  facts 
contained  in  these  data  are : 

1.   Overt  spasms  may  occur  without  evidence  of  any  of  the 

"  Data  are  not  given  for  HB  abnormalities,  since  such  abnormalities  occur  in 
only  three  instances. 
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Taiu.e  A'.     E.vtoil  oj  (lyssyitrrnia  in  .Srr/r>   /,  ;;;   Irniis  of  per  cent  oj 
spasms  for  li'hich  complete  records  'a-ere  oblanied 

X(t.  cif  Activities  Showing  Evidence  of  Dyssynergia 


Case  Xo. 

0 

1 

2 

3 

4 

2 

0 

38 

4 

38 

0 

3 

0 

12 

76 

12 

0 

4 

25 

50 

25 

0 

0 

5 

(1 

17 

50 

33 

0 

7 

0 

0 

25 

75 

0 

8 

(1 

20 

40 

40 

0 

9 

50 

50 

0 

0 

0 

10 

8 

17 

58 

17 

0 

11 

0 

10 

10 

80 

0 

13 

17 

13 

47 

13 

0 

14 

0 

0 

100 

0 

0 

15 

32 

36 

7,2 

(1 

0 

111   llic   c'.ises  (iiuttKl.   satisfactdi  y    siniullantdiis    icccrds   (■(    all   activities  were 
net   (ilitaiiied. 

'J'aki.k  \'I.     Ii.vleiit  oj  (ixssyieraia  ni  Scries  II.  in  terms  of  per  cent  of 
spasms  ill  <\.'Iiicli  coiiiplcle  records  li'crc  (ihlciiucd 

No.  of  Activities  Showing  Evidence  of  Dyssynergia 


asc  No. 

0 

1 

2 

3 

4 

5 

4P, 

0 

0 

50 

50 

0 

0 

lOB 

0 

17 

66 

17 

0 

0 

IIB 

0 

0 

0 

34 

66 

0 

lie 

0 

0 

0 

1(K) 

0 

0 

16 

0 

0 

45 

55 

0 

0 

18 

0 

0 

0 

55 

45 

0 

19 

0 

0 

27 

55 

18 

0 

20 

0 

0 

10(1 

0 

0 

0 

21 

0 

50 

X^ 

17 

0 

0 

22 

0 

22 

45 

22 

11 

0 

23 

0 

34 

17 

~Vi 

16 

0 

24 

17 

34 

49 

0 

0 

0 

26 

0 

0 

19 

38 

43 

0 

abnorniaHtie.*^  beinu;   studied.      '\'h\^  is  trtie  of   four  of    12  cases 
in  Series  I  and  of  one  of  13  cases  in  Series  II. 

2.  Tlie  dyssyner<;^ia  occnrrin*.,'  during  tlie  overt  spasm  may  be 
strictly  limited  in  extent.  In  seven  of  12  cases  in  Series  I,  and 
in  four  oi  13  cases  in  Series  II.  at  least  20  ])er  cent  of  the  spasms 
show  evidences  of  dyssyner<:ia  in  not  more  tlmn  one  of  the 
activities  recorded. 

3.  In  the  majority  of  cases,  the  dyssyner<.,Ma  most  frequently 
extends  to  two  or  three  of  the  activities  recorded. 

4.  Comparison  of  the  data  from  Series  1  and  II  (Tables  V 
and  y\  res|)ectively).  will  show  that  as  the  number  of  activities 
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recorded  is  increased,  the  number  of  cases  in  which  no  abnor- 
maHties  are  detected  during  the  overt  spasm  decreases. 

QiiSitative  analysis  of  the  nature  of  the  dyssynergia  occurring 
during  the  overt  spasm.  The  marked  variabihty  from  individual 
to  individual,  and  even  from  spasm  to  spasm  in  the  same  indi- 
vidual, makes  impossible  a  complete  qualitative  description  of 
the  various  forms  of  dyssynergia  which  occurred.  Qualitative 
analysis  may,  however,  be  of  theoretical  importance  and  may 
serve  to  suggest  further  problems.  The  most  important  of  these 
follow : 

1.  Action  current  abnormalities.  Action  current  records 
obtained  during  uncontrolled  voluntary  activity,  from  surface 
electrodes  placed  over  a  muscle  mass,  are  difficult  to  interpret. 
With  surface  electrodes  placed  over  the  masseters,  as  in  the 
present  instance,  records  are  affected  in  unknown  manner  and 
extent  by  the  activity  of  adjacent  muscles,  such  as  the  zygomati- 
cus,  risorius  and  orbicularis  oris.  The  results  must  be  interpreted 
cautiously.  Tables  III  and  IV  show^  that  action  current  abnor- 
malities occur  in  every  possible  temporal  relationship  to  the  overt 
spasm.  Twenty-one  per  cent  of  all  action  current  abnormalities 
persist  throughout  the  entire  record — before,  during,  and  after 
the  spasm.  In  two  instances  in  each  series,  action  current  abnor- 
malities occur  only  after  the  overt  spasm :  also,  in  two  instances 
in  each  series,  the  abnormalities  occur  before  and  after,  but  not 
during,  the  spasm.  In  these  cases  there  seems  to  be  an  inverse 
relationship  between  the  action  current  abnormality  and  the  overt 
spasm. 

2.  Sound-wave  abnormalities.  The  records  reveal  no  direct 
evidence  of  the  cause  or  significance  of  the  sound-wave  abnor- 
malities studied.  For  example,  the  single  waves,  or  *  vibration 
couplets,'  reported  by  previous  investigators  (1,  18),  occur  in  all 
but  12  of  the  cases  and  constitute  approximately  one-third  of  the 
vocal  abnormalities  recorded,  yet  they  bear  no  constant  relation- 
ship to  any  other  type  of  abnormality.  They  may  occur  during 
inspiration  or  expiration,  or  during  opposition  in  the  activity  of 
the  upper  and  lower  levels  of  the  thorax.  The  sound  waves  are 
an  inadequate  index  to  the  activity  of  the  larynx  during  stutter- 
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ill!/,  because  thev  yive  no  indication  oi  what  is  ()CCurrinL>-  in  the 
V(Mceless  tonic  blocks  which  constitute  a  majority  of  the  s|)asnis. 

3.  Abnorniahties  of  breathinj^'.  The  most  fi'e(|ncnt  txpe  of 
breathini^'  abncjrmahty  is  a  tonic  block  during"  e\i)ii"alioii,  which 
constitutes  55  per  cent  ol  all  breathing  abnormalities.  Opposi- 
tions between  the  upper  and  lower  thorax  constitute  IJ  per  cent 
of  all  breathin!:^  abnormalities  and  occur  in  records  of  nine  of  the 
total  of  J<S  individuals.  In  only  \2  of  the  total  of  27  instances 
of  oj)position  do  action  ciu'rent  abnorm.alilies  occur  sinuiltane- 
ously  with  the  breathing'  abnormalitx'.  In  ei^ht  of  11  instances 
in  Series  11  e\e-mo\ement  abnormalities  occur  sinuiltaneously 
with  the  ojjposition. 

4.  J'lye-mo\enient  abnormalities.  Four  types  of  abnormal 
activity  occur  in  the  eye-movement  records.  In  I.}  instances,  or 
in  10  n[  the  17  cases,  the  dei^ree  of  onveri^ence  of  the  eyes 
increased  (big.  10).  In  14  instances,  or  in  four  of  the  17  cases, 
the  eyes  diverge  trom  the  hxation  position  (  bii;.  11  ).  In  53 
instances  trom  11  cases,  conjui^ate  nystagmus  occurs,  with  the 
two  e\es  makiui^'  co-ordinated  movements  to  the  rii.^ht  or  left  of 
the  fixati(jn  position  (bi.i;".  12).  'ihere  are  two  instances  of 
dissociated  n\sta:L;nuis  in  which  the  two  eyes  move  dissinularly 
(Fio-.  13). 

In  \iew  ot  the  fact  that  so  little  is  known  of  the  neuroi)hvsi- 
oloi^y  oi  eye-movements,  the  sii;iiilicance  of  these  niowments  is 
not  clear.  ( )ne  ma\-,  however,  hazard  speculations.  It  i^en- 
erally  has  been  aLjreed  that  a  separate  center  for  converi^ence  must 
be  assumed  (3,  p.  JS.S ;  9).  This  center  is  thought  to  lie  in 
Ferlia's  nucleus.  It  would  seem  logical  to  conclude  that,  where 
the  degree  ot  con\ergence  increases,  the  activitx'  already  in 
jMogress  in  this  center  during  hxation  is  increased.  The  case 
would  then  be  one  ol  lacilitatioii  r;ither  than  d\sintegration.  In 
instances  of  divergence  it  ma\-  be  assumed  that  acti\it\-  of  the 
convergence  center  is  inhibited,  since  di\ergence  is  conunonl\' 
thought  to  be  relaxation  of  convergence. 

It  also  has  been  rather  generally  lield  that  a  center  exists  for 
control  of  conjugate  lateral  movements  (3,  p.  2S8  ;  9).  This  is 
thought  to  lie  oral  and  ventral  to  the  sixth  nucleus.  Instances  of 
conjugate  lateral  nystagmus  seem  to  indicate  that  activity  in  this 
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center  is  brouj^^ht  about  and  supersedes  the  activity  of  the  con- 
vergence center. 

Instances   of   dissociated  nystagmus   are   too   few  to   warrant 
much   attention.     They    seem    to    indicate    a    breakdown    in    the 


P 


10 


KSSSSJIIJKSHWHS?!!? 


r^r:^ 


5 


w^mmmmim^mmmmmmm 


■w 


M 

m 


«-*l»K.l«ll«*»  II      ,^,„*/    ^„BB1 


Figs.  10-13.  Typical  eye-movement  abnormalities.  Fig.  10,  convergence; 
11,  divergence;  12,  conjugate  lateral  nystagmus  and  convergence;  13,  dis- 
sociated nystagmus  following  conjugate  nystagmus.  Upper  line,  signal  for 
overt  spasm;  lower  line  in  Figs.  10  and  12  and  heavy  line  in  Fig.  13  show 
head  movements.     The  two  light  lines  of  each  record  show  eve-movements. 


control  exercised  by  higher  centers  and  a  regression  to  the  older 
level  of  monocular  independence. 

VII.  Summary  and  conclusions.  From  a  study  of  simul- 
taneous records  of  the  respiratory  activity  of  the  upper  and  lower 
thorax,  of  the  lateral  sides  of  the  thorax,  of  the  vocal  tones,  of 
the  action  currents  from  homologous  facial  muscles,  and  of 
vertical  and  horizontal  eye-movements,  the  following  results  were 
obtained : 

1.  In  approximately  one-half  of  the  cases  no  one  of  the  types 
of  abnormality  studied  occurs  during  all  of  the  overt  spasms. 
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2.  Approxiniatel}'  one-third  of  all  al)iiMnnalities  recorded  are 
not  coiiicideiil  willi  the  overt  spasm. 

3.  \'oice  and  hreathini;  abnormalities  bear  the  highest  tein- 
[)oral  correlation  to  the  overt  spasm. 

4.  There  is  no  statisiicall_\'  sigMiihcant  relationshii)  between  the 
l're(|iiency  vi  occurrence  of  any  two  of  the  types  (jf  abnormality 
studied. 

5.  J 11  ai>ijro.\imately  30  per  cent  of  the  s})asms  recorded,  evi- 
dence of  dyssynergia  is  found  in  no  more  than  (Jiie  of  the  activi- 
ties studied. 

6.  i\o  c(jnsistent  effect  (jf  the  spasm  on  the  activity  of  bilat- 
erall\'  innervated  homologous  muscle  gr<jups  is  observable. 

h'rom  the  abo\e  facts,  and  Irom  a  (jualitative  analysis  of  the 
abiioriiialities  recorded,  the  following  conclusions  may  be  drawn: 

1.  There  is  no  signihcant  relationshii)  between  the  xarious 
tyjjcs  of  abnormality  studied. 

2.  'Jdie  relationshi[)  between  the  overt  s[)asm  and  the  various 
types  of  abnormality  studied  is  unt  consistent. 

3.  The  dyssyiiergia  occurring"  during  the  s{)asm  may  be  strictly 
limited  in  extent. 

4.  Since  overt  spasms  occur  in  a  number  of  cases  without  evi- 
dence of  any  of  the  abnormalities  included  in  this  stud\'.  and  since 
in  approximately  one-half  o\  the  cases  no  type  of  al)iiormality 
occurs  in  all  spasms,  it  may  be  concluded  that  in  these  cases  no 
one  of  the  types  of  abnormality  can  be  considered  an  essential 
sym])tom  of  the  true  spasm. 

5.  The  larger  tlie  numl)er  of  activities  recorded,  the  smaller  is 
the  number  of  instances  in  which  no  abnormality  is  detected  dur- 
ing the  overt  spasm. 

6.  h'or  certain  individuals,  the  relationship  between  a  given 
tyi^j  of  abnormalitv  and  the  overt   spasm   is   j)ractically  perfect. 

The  lack  (jf  relaticjiiship  between  recorded  abnormalities  and 
the  clinically  observed  S])asm  mav  be  explained  on  one  of  the 
following  bases : 

1.  All  stuttering  spasms  may  not  have  been  detected  clinically. 

2.  'J'he  dyssynergia  may  not  ha\e  expressed  itselt  in  a  form, 
or  to  a  degree,  such  that  the  apparatus  used  could  detect  it. 
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3.  The  dyssynergia  may  have  occurred  in   niechanisiiis  other 
than  those  under  experimental  control. 

4.  It  is  possible  that  stuttering  may  occur  without  any  detect- 
able accompanying  neuromuscular  inco-ordinations. 
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AX  ELKCriROAlVOGRAPHlC  STUDY  WITH  RESPECT 

TO  SPEED  OF  MOVEMENT  AND   LATENCY, 

DISPARATE  AND  RECIPROCAL 

INNERXATION,  ATTENTION 

AND  RELAXATION 

by 

IkASU    Kl'MAR    I^>AG(1II 

/.  I nircniuction.  Recent  advances  in  electrophysi(»I()^y  have 
made  it  possible  to  interpret  the  anatomical  and  physiological 
bases  of  certain  psycholoj^ical  processes.  Particularly  has  the 
study  of  the  resjxmse  characteristics  of  sinj^le  receptors  and  nerve 
fibers  added  to  our  knowledge  of  sensation  and  movement  (3, 
6,  16). 

The  greater  number  of  such  studies  were  made  on  animals 
where  the  anatomical  factors  were  known  and  controlled,  but 
where  the  psychological  processes  were  not  evaluated.  Recently, 
action  current  studies  have  been  made  of  intact  human  beings  in 
an  attem])t  to  correlate  physiological  and  psychological  ])rocesses 
(9.  10,  14).  There  are  two  great  problems  in  tlie  ])sychophysical 
complex.  One  is:  what  are  the  underlying  neurojjhysiological 
processes  subserving  psychological  processes''  The  other  is: 
how  may  i)hysiological  processes  be  afifected  by  mental  activity? 
The  present  study  was  set  up  in  relation  to  botli  of  these  ])rob]ems. 
Specifically,  it  concerns  itself  with  the  following:  (1  )  the  rela- 
tionshi])  between  s])eed  of  movement  .-ind  action  current  latency 
under  different  conditions;  (2)  the  temporal  and  synergic  factors 
in  reci])rocal  innerxation  ol  antagonistic  nui^cles  (biceps  and  tri- 
ce]>s  )  ;(.■>)  di'^p'aratc  innerxation  of  the  two  heads  of  tin-  biceps; 
(4)  possible  sources  (»f  passive  movement  discbarges;  (5)  action 
current  tre(|uency  in  attention  and  imaging;  (6)  post-relaxation 
latency  in  voluntary  movement. 

//.   Apparaius  and  procedure.     The  recording  apparatus  has 
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been  described  in  full  by  Travis  and  Dorscy  (24).  Briefly,  it 
consisted  of  two  three-stage  resistance-coupled  amplifiers,  a  West- 
inghouse  oscillograph  (with  four  elements),  a  General  Radio 
low-frequency  oscillator,  and  a  signal  circuit.  Recording  was 
done  by  a  special  photographic  unit  carrying  35  mm.  sensitized 
paf)er.  Needle  electrodes  made  of  20-gauge  platinum  rhodium 
were  imbedded  in  the  muscle,  about  1  cm.  deep  and  from  .8  to 
1.7  cm.  apart.  Special  precaution  was  taken  by  way  of  steriliza- 
tion before  insertion  and  at  conclusion  of  the  experiment. 
Except  for  the  very  tips,  the  electrodes,  including  the  base  which 
rested  on  the  skin,  were  baked  in  bakelite  varnish  for  the  purpose 
of  insulation.  These  electrodes  were  found  more  suitable  for 
picking  up  fine  changes  in  the  muscle  fibers  within  a  strictly 
localized  area  than  the  large  pad  electrodes  placed  on  the  surface 
of  the  skin.  Furthermore,  the  electrode  points  were  always  in 
the  body  fluid,  and  did  not  incur  the  risk  of  becoming  dry  and 
thus  interfering  with  conduction  by  producing  changes  in 
resistance. 

The  action  current  or  electrical  potential  generated  in  the 
muscle  was  fed  by  the  input  leads  into  the  amplifier  '  which 
activated  the  oscillograph  string  supported  in  a  strong  electro- 
magnetic field.  A  beam  of  light  falling  on  a  small  mirror  mounted 
on  the  string,  which  has  a  fixed  tension,  was  reflected  on  the 
sensitized  paper.  Any  oscillation  of  the  string-mirror,  indicating 
disturbance  in  the  electro-magnetic  field  due  to  the  generation  of 
electrical  potential  in  the  muscle,  produced  corresponding  oscil- 
lation of  light  on  the  paper.  Two  elements  of  the  oscillograph 
were  used  for  recording  action  currents  from  two  muscle  groups 
or  two  distinct  parts  of  the  same  muscle  group.  The  third  ele- 
ment gave  the  1000  ~  (ms. )  time-line  as  generated  from 
the  oscillator.     The  fourth  element  recorded  the  signal. 

A  pair  of  earphones  was  placed  in  a  special  vacuum  tube  cir- 
cuit with  the  two  amplifiers  so  that  E  could  hear  distinctly  the 
action  current  discharges  from  either  of  the  muscles.  This 
device  proved  to  be  of  particular  benefit  in  as  much  as  it  gave 

^  An    electric    potential    of    one    microvolt    at   the    input   of    the   amplifier    at 
400  ~   gives   a   diphasic   deflection   of   approximately   4.25   mm.   on   the   record. 
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uarniiiL,^  of  prcliininar\'  tension  discliarj^cs  which  were  disturbing 
in  latency  studies.  In  tlie  event  of  such  discharges  an  adjustment 
(jf  the  position  of  the  Hnib  was  made  before  photography.  Sec- 
ondly, the  device  was  found  indispensable  to  signal  the  arrival 
and  disa]>pearance  ot  single  motor  luiit  discharges  during  experi- 
ments on  attention  and  imaging.  I'hirdly,  it  served  as  a  valuable 
check  (»n  photographing  as  to  the  activation  of  antagonistic 
muscles  and  discharges  in  jiassive  movement.    . 

In  order  to  reach  tlie  most  active  center  of  the  nuiscle,  its 
motor  point  was  lound  by  tlie  uni-polar  method  of  stimulation 
(Howell).  A  condenser  (  1  mfd)  was  b\-  the  turning  of  a  switch 
discharged  on  the  >kin  of  the  respective  nuiscles.  The  large, 
inactive  electrode  (zinc,  covered  with  ( 'anton  Hannel  which  was 
soaked  in  salt  solution)  was  fastened  across  the  wrist  of  .V  with 
rubber  bands.  The  small,  active  electrode  was  moved  about  on 
the  muscle  until  the  most  ai)i)reciable  twitch  was  found  after 
exploration  in  the  distal-prcjximal  and  transverse  directions.  The 
voltage  was  adjustable  from  50  to  over  100,  deiKMiding  on  the 
skin  resistance  of  vS\  For  finer  adjustment  the  v(jltage  was 
reduced  until  only  one  of  the  points  of  the  nmscle  gave  a  barely 
noticeable  twitch.  This  was  supposed  to  indicate  the  location  of 
the  entrance  of  the  motor  nerves  into  the  muscle  (Howell).  The 
long  and  short  heads  of  the  biceps  were  found  to  have  separate 
motor  points. 

The  needle  electrodes  were  inserted  verticall\'  into  the  muscle 
mass  at  the  determined  motor  point  and  held  firmly  in  place  by 
adhesive  tape  (big.  1  ).  I'lxcept  for  the  pricking  sensation  at  the 
time  the  electrodes  were  inserted  no  actual  [lain  was  experienced 
by  the  .S's  during  two  hours  of  experimentation.  .S^  lay  on  a  cot 
with  his  right  arm  placed  horizontally  at  an  angle  of  about  30° 
with  his  body  on  the  radius-board  of  a  specially  designed  arm- 
arc  (Fig.  2).  This  radius-board  was  made  of  si.x-ply  wood  to 
insure  firmness  and  yet  lightness  when  raised  or  lowered  along 
the  arc.  Its  dimensions  were  2S  in.  x  4', 4  in.  x  '  [  in.  One  end 
of  the  radius-board  was  hinged  to  a  base-board  while  the  other 
end  was  left  free  to  move  between  the  two  parallel  strij)s  of  the 
arc.      The   vaulting  .arc,   the   slanting  board   and   the   |H.'rmanent 
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horizontal  board  were  attached  as  one  piece  to  a  vertical  block 
of  wood  (3.5  ft.  X  3  in.  x  3-^  in. )  and  could  be  fastened  to  it  at 
any  position   with  a   large   blunt-end   screw.      This   arrangement 


Fig.  1.     Needle  electrodes  in  tlie  biceps.     A=electrode  bases  made  to  stand 
firm  and  erect  on  the  arm  with  the  help  of  adhesive  tape. 

Fig.  2.  The  arm-arc.  A^radius-board  ;  B=base-board ;  C=two  parallel 
strips  of  the  arm-arc;  D=adjustable  vertical  board;  E=wooden  stand; 
F:=slanting  board;  G^cross-bar  (metal),  fitted  with  metal  sleeves  at 
both  ends,  springs  inside,  to  keep  sleeves  pressed  against  parallel  strips 
of  the  arc;  H=contact  points  at  zero  to  5',  1'  apart,  then  at  every  5°. 
When  arm  is  raised,  contact  is  broken  at  0'. 

Fig.  3.  Disc-apparatus.  A=.4-in.  iron  disc;  B^projecting  piece  of 
iron  attached  to  A;  C=adjustable  metal  shaft,  3  in.  x  ^A  in.,  around  vi^hich 
disc  rotates  horizontally,  clockwise  or  counter-clockwise  •  shaft  is  in  line 
with  axis  of  elbow  bone.  D— wooden  block  to  which  shaft  is  fixed,  flat 
base  clamped  to  firm  support;  E=electrodes  in  triceps;  F=electrodes 
in  biceps. 

was  necessary  for  adjusting  the  height  of  the  radius-board  to  the 
outstretched  arm  of  S,  to  secure  ease  and  prevent  any  tension  in 
the  upper  arm.  The  elbow  (medial  epicondyle)  of  .S'  was  level 
with  the  hinge  of  the  radius-board,  on  which  his  forearm  was 
laid  flat  and  strapped  at  three  places — the  fingers,  the  wrist,  and 
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two  inches  distal  to  tin."  elbow  crease.  In  moving  his  forearm  up 
and  down  with  the  elbow  as  a  fnlcnun,  .S'  moved  tlie  radius-board 
uj/  and  down.  A  metal  cross-bar  at  the  far  end  of  the  radius- 
board  came  in  contact  with  the  degree  marks  on  l)Oth  ])arallel 
stri])S  of  the  arm-arc.  Over  both  cylinchMcal  ends  of  this  metal 
cross-bar  were  fitted  two  metal  sleeves  with  inner  springs,  which 
ke])t  them  pressed  against  the  juirallel  arcs.  On  the  parallel 
stri])s  tliere  were  six  1*^  marks,  including  tlie  0"  mark,  from 
horizontal  ii]),  follov\e(l  by  29  5'  marks  on  the  circumference 
to  the  other  side  of  the  arc.  The  degree  marks  were  made 
with  reference  to  the  hinge  of  the  radius-board  as  the  center. 
I>oth  sides  of  the  arc  v\ere  in  the  signal  circuit  which  finally  was 
connected  with  the  oscillograjih  element,  'i'his  arrangement  gave 
a  record  of  the  amount  of  elevation  of  the  forearm,  in  deirrees, 
and  the  speed  with  which  it  was  made,  in  ms. 

Since  in  a  study  of  action  current  latency  the  first  l)reak  is 
im]>()rtant.  the  a])])aratus  was  arranged  so  that  there  was  no 
mechanical  lag  when  the  overt  movement  was  made.  A  screw 
which  was  attached  vertically  to  the  metal  cross-bar  was  allowed 
to  rest  on  a  metal  strip  fastened  to  the  base-board.  'i"he  metal 
strij)  was  connected  to  one  side  of  the  signal  circuit,  with  the 
metal  cross-bar  connected  to  the  other  side,  tfjuching  the  0° 
mark  on  one  of  the  jiarallel  arc-strips.  I'he  0^  mark  on  the  other 
] parallel  strip  was  imnecessary  and  hence  electrically  dead.  When 
the  radius-board  was  at  0^,  lying  on  the  base-board,  the  metal 
bar  at  its  end  was  in  make-contact.  The  instant  the  radius-board 
was  lifted  the  screw,  firmlv  connected  with  the  bar.  came  up  with 
it  and  the  contact  was  broken.  Then  the  1  contact  was  made 
and  broken  on  both  sides  of  the  ])arallel  arc.  then  the  1  contact 
and  so  on  n])wards  to  the  end  of  the  movenu'nt. 

The  forearm  was  strajiijcd  in  such  a  way  that  there  was  no 
lateral  j)lay  and  }et  it  could  be  raised  easily.  To  permit  this,  tlie 
horizontal  board  was  ])laned  out  and  padded  where  the  elbow 
rested,  and  a  jiart  of  llic  radius-board  was  cut  away  between  the 
two  hinges  and  smoothed  so  that  the  arm  could  fit  snugly  and 
move  up  and  down  freely.  The  right  ujijier  arm,  carrying  the 
electrodes,  was  left  entirely  free  in  all  instances. 
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S  was  given  a  few  practice  trials  to  g-et  the  proper  mental  set 
and  kinaesthetic  preparation  for  three  speeds  of  movement — fast, 
medium,  and  slow — which  were  used  throughout  the  experiment. 
He  was  asked  to  relax  as  nuich  as  possible,  and  at  the  signal 
(turning  of  the  camera),  to  raise  his  arm  at  the  eli)ow.  Any 
tension  discharges  due  to  over-anticipation  of  the  signal  were 
detected  by  the  earphones  and  S  was  told  abtjut  them  and  asked 
to  assume  a  more  relaxed  attitude  before  and  at  the  time  of 
responding.  Certain  preliminary  training  in  this  regard  was 
given  to  induce  habituation.  This  attitude  of  relaxation  was 
found  to  be  absolutely  essential  in  the  entire  study. 

The  reason  for  using  three  speeds,  fast,  medium,  and  slow, 
and  for  assigning  20  to  59  ms.  per  degree  for  fast  speed,  60  to  99 
ms.  for  medium  speed,  and  over  100  ms.  for  slow  speed  in  anti- 
gravity  movement,  was  the  existence  of  a  tendency  for  the  speeds 
to  fall  within  those  ranges  when  .S'  was  instructed  to  move  his 
arm  at  the  respective  rates.  As  for  the  slow  speed  and  its  sub- 
divisions, the  classification  was  arbitrary  and  made  simply  for 
convenient  grouping. 

In  another  series  of  experiments  a  disc-apparatus  was  used 
(Fig.  3).  llie  disc-apparatus  consisted  of  a  thin,  rigid  iron  disc, 
4  in.  in  diameter.  To  it  was  attached  a  thin  metal  strip,  4)4  in. 
wide  and  projecting  three  inches  beyond  the  margin  of  the  disc. 
Below  the  disc's  center  was  attached  an  ordinary  rheostat  and  the 
whole  piece  (the  disc  and  the  rheostat)  rotated  horizontally  clock- 
wise or  counter-clockwise  on  a  flexible  arm  of  an  adjustable  round 
metal  shaft  (3  in.  x  'S  in.).  This  shaft  was  driven  vertically 
into  a  block  of  wood  (4  in.  x4  in.  x  5  in.)  and  held  in  place  at 
any  angle  to  the  block  by  a  large  screw.  The  shaft  came  up 
through  the  center  of  the  disc,  extending  slightly  above  the  disc's 
upper  surface.  A  wire  was  wound  across  the  edge  of  the  circular 
non-conductor  fiber-strip  of  the  rheostat  at  measured  angular 
distances  from  the  center  of  the  shaft.  This  wire  and  the  metal 
shaft  with  its  arm  were  in  the  signal  circuit.  The  moment  the 
disc  started  to  rotate  the  contact  was  broken.  In  clockwise  direc- 
tion the  contacts  were  at  0°,  10^  20\  and  25^;  in  counter- 
clockwise direction  they  were  at  O'',  20°,  and  45°.     The  block  of 
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wood  sii])]Hiriinjj  the  disc  was  in  turn  snpiKjrted  on  a  very  heavy 
adjustable  iron  stand.  .V  sat  in  a  chair,  rii^lit  forearm  restint^  on 
a  liti'ht  i)iece  of  t'iher-\vo<»d  (S  in.  x.  4  in.)  which  lay  Hat  on  the 
disc  and  its  projection.  'i"he  a.xis  of  his  elbow  was  in  line  with 
the  vertical  shaft.  His  forearm  was  strapj^ed  td  the  disc  at  two 
I)laces.  1  in.  and  ()  in.  respectixely.  ])roximal  to  the  wrist.  If  the 
forearm  was  to  be  moved  hori/ontallx'  cldckwise  (making  triceps 
active)  it  was  ])laced  at  an  angle  of  45  to  his  upper  arm.  If 
counter-clockwise  movements  were  desired  (making  biceps 
active),  the  forearm  was  placed  at  an  angle  of  170  '  to  the  upper 
arm.  Vor  the  clockwise  and  counter-clockwise  movements  the 
j)ro[)er  adjustments  were  made  between  the  shaft  and  block  of 
wood.  With  this  disc  arrangement  the  muscle  work  was  done 
against  a  minimum  of  friction  and  weight. 

Eleven  ^'s  were  used.  Two  of  them  served  twice,  and  one  six 
times:  1279  records  were  read.  Latencies  of  the  leading  muscle, 
or  the  leading  head  of  the  same  muscle  group,  have  been  corre- 
lated with  sjK-ed. 

///.   Data  and  disciissioii. 

Speed  and  latoicy.  Adrian  (2).  Richtcr  (19)  and  Travis 
and  Lindsli'y  ( 25  )  ha\"e  found  that  there  is  an  increase  in 
frequency  of  action  ciu'rents  with  increase  in  intensity  of 
muscular  contraction.  Speed  of  contraction  was  not  measured 
by  any  of  the^e  workers.  The  importance  of  s])eed  of  sensory 
stimulation  in  llie  matter  of  initiation  of  nerve  impulses  was, 
however,  early  pointed  out  by  .Idrian  (1).  Mafthccvs  (l^) 
showed  the  accelerating  eifect  on  frecpiency  of  rapid  loading 
of  the  single  cutaneous  receptor  of  a  frog.  Ilathaz^'ay  (8) 
recorded  action  current  latency  for  the  biceps  and  foimd  58  sigma 
the  average  value  of  (piick  contraction.  Rut  the  sjK^ed  factor  was 
not  objectively  controlled.  As  far  as  we  are  aware,  this  factor 
has  not  been  rejHirted  in  studies  of  electrom\"ngra])hic  latencies. 

Latency  is  defined  as  the  interval  between  the  onstt  of  action 
currents  in  a  muscle  group,  and  the  overt  muscle  work  which  this 
muscle  group  ]K--rforms  in  nio\ing  the  linil)  to  which  it  is  attached 
from  a  ]K)sition   of   rest.      The  l)eginning  of   this   actual   nuiscle 
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work  is  indicated  by  a  break  in  the  signal  line  (Fig.  4).  The 
speed  at  which  this  is  done  has  a  direct  efifect  on  the  length  of  the 
latent  period. 
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Fig.  4.  I.  Action  current  latency  for  biceps  and  triceps  in  fast  voluntary 
movement  of  forearm  from  horizontal  upwards  on  arm-arc  against 
gravity.  1000  ~  time-line  at  top.  Biceps  represented  by  second  line 
from  top.  triceps  the  third  line,  and  signal  the  fourth  line.  First  break 
signal  at  0°  is  marked  by  arrow  on  signal  line,  indicating  beginning  of 
overt  movement  upwards ;  five  other  break  marks  represent  one  degree 
elevation  of  forearm :  sixth  break  is  10°  elevation.  Latency  of  biceps  is 
duration  of  action  current  from  onset  (left  of  record)  to  the  first  break 
(68  ms.).  Interval  between  first  and  second  breaks  represents  speed 
(37  ms.  per  degree)  of  raising  of  hand,  from  0°.  Note  lag  of  triceps  by 
18  ms.,  also  its  low  amplitude  action  currents  in  the  latent  period  and  its 
large  action  currents  after  0°,  indicating  its  full  cooperation  in  the  volun- 
tary movement  from  that  moment  on. 

II  and  III.  .Action  current  latency  for  biceps  and  triceps  in  slow  move- 
ment of  the  forearm.  Speed  between  0°  and  1°  was  131  ms.,  biceps 
latency,  200  ms.  (140  plus  60  ms.).  triceps,  60  ms.  Note  that  the  latency 
is  longer  than  in  I  and  that  the  action  currents  are  smaller,  especially  in 
latent  period.     Lines  and  break  arrangement  are  same  as  in  I. 
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Fk;.  ().  I.  .Action  currrnt  latency  of  l)ici'i)s  in  fast  conntcr-clockwisc 
niovoniLiU  on  horizontal  disc,  .\rro\v  at  break  and  Ijcj^innint;  of  overt 
ni<nenient.  Sjjeed  between  0^  and  li)'\  110  nis.,  i.e..  5.3  ms.  per  det^ree; 
latency.  l,i')  ni>.  l-'onr  lines  from  top  down:  time,  biceps,  triceps,  signal. 
The  hice])s  leads:  no  triceps  latency.  .Size  and  amonnl  <if  biccjis  an.d 
tricejjs  action  cnrn.nl s  .snialk'r  here  than  in  {'"it.'  4.  1  :  triceps  delays  in 
C(M)poratin,L;. 

II  and  111.  .\cti:in  cnrrent  latent-y  for  biceps  in  slovv  connter-chickwise 
movement.  Xote  that  latt'nc\  is  longer  tlian  in  I  ;md  motor  nnits  in\-olved 
are   less   in   iinmb(.-r.      .Some  action  cnrrent>   in   tricep>. 

I'"ii;.  7.  I.  .\cti(Mi  cnrrent  latency  for  bice])s  and  triceps  in  fast  clockwise 
mi)venKnt  on  disc-apparatns.  Time-line  at  toj).  Next  throe  lines,  respcc- 
tivel\,  are  bicejjs,  tricei)s,  and  si.^nal.  b'irst  break  si.s^nal  (overt  move- 
ment) at  arrovs' :  second  break  represents  10  decrees,  speed  bein<i  60  ins., 
;'.<■.,  ()  nis.  ])er  deuri'c.  Triceps  more  active  than  biceps,  leadint;  latter  by 
\1  nis.  and  having  latency  of  IJ'^  ms.  .Size  and  amount  of  action  currents 
smaller  here  than  in  b'is;.  4,  I.  Hhythniical  tension  discharges  in  bicei)s ; 
other   disturbances   on    the   line. 

II  and  III.  Action  current  latency  for  biceps  and  tricei)s  in  movement 
of  forearm  from  75"  down,  with  gravity,  on  the  arm-arc.  Ilreak  at 
arrow.  Note  the  lead  of  triceps  over  biceiis  in  latent  period  and 
co-ojieration  of  biceps.  Lines  same  as  in  Fig.  4,  I.  b'irst  break  at  75'  ; 
second  at  70". 


l''ii;'.  5  sliovvs  the  average  latency  values  jilotted  a.i^aiiist  .speed  of 
iiKiveiiieiit  (ins.  ])er  detj^ree).  An  examination  of  the  tie^ure  will 
show  this  relationship:  the  faster  the  Sfx^ed  the  shorter  the 
latency,  and,  ti]>  to  a  certain  point,  the  slower  the  speed  the  longer 
the  latency. 
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r^K..  5.  The  relationship  between  sjieed  of  nio\ement  and  action  current 
latency  for  tin-  bicejis  in  nwiveinent  of  the  right  forearm  from  horizontal 
position  upwards  on  the  arm-arc.  Latency  considered  from  the  leading 
head  of  the  biceps.  Spcerl  recorded  between  0"  and  L'.  N=:.^18; 
ordinate=:averagc  latency  in  ms. :  abscissa  =  s()eed  in  ms.  per  degree.  Solid 
line,  observed  curve  ;  dotted  line,  the  logarithmic  curve. 
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These  data  were  fitted  to  a  logarithmic  curve  (Fig.  5)  by  the 
method  of  least  squares  (H  j,  utiHzing  the  vahies  of  six  average 
latencies  (]')  on  six  mid-points  of  class  intervals  of  speed  (X). 
Pearson's  formula  for  the  chi-sciuare  function  then  was  applied 
in  order  to  obtain  the  P  (probability)  of  the  least  fit.  The  calcu- 
lated chi-square  value  was  2.920,  giving  P=.70.  This  means 
that  in  70  out  of  100  trials  we  would  obtain  a  fit  worse  than  that 
obtained  here.  Hence  the  actual  fit  is  a  good  one.  P  value  of  .2 
or  more  is  considered  a  good  fit. 

If  we  adopted  all  nine  latency  values,  chi-square  would  have 
been  13.928  and  P  would  have  been  .082.  This  would  not  have 
been  a  good  fit.  lUit  in  as  much  as  the  last  three  average  latencies 
at  the  slowest  speeds  were  based  on  a  very  few  records  we  were 
justified  in  discarding  them. 

In  order  to  compare  the  speed-latency  relationship  in  the 
exercise  of  muscles  against  gravity,  weight  of  the  radius-board 
and  arm.  and  friction  of  the  arm-arc  attachment,  with  ihe  same 
relationship  when  these  factors  were  present  in  a  minimal  degree, 
the  experiments  with  the  disc-apparatus  were  undertaken.  There 
was  slight  inertia  of  the  disc  and  insignificant  friction  in  contact 
points;  essentially  there  was  only  the  weight  of  the  arm  UKjving 
horizontally.     The  results  are  shown  in  Figs.  6.  7,  8,  and  9. 

For  a  further  comparison,  the  friction  factor  was  entirely 
eliminated  by  the  folknving  set-u^j.  The  radius-board  was  lifted 
and  through  an  opening  in  its  base  the  forearm  of  .V  was  placed 
and  allowed  to  rest  on  a  metal  strip  laid  flat  and  fixed  on  the 
base-board  at  0'.  A  metal  bangle.  ])added  inside,  was  fitted 
tightly  over  a  region  near  .V's  wrist.  At  the  lower  end  of  the 
bangle  was  soldered  a  tiny  metal  strip  in  the  form  of  an  arc, 
insulated  except  for  the  tij).  This  arc  represented  0'  to  5\ 
from  tip  to  soldered  jioint,  its  center  being  the  mid-point 
between  the  two  hinges  where  the  elbow  rested.  The  bangle 
and  the  horizontally  fixed  metal  strip  were  in  the  signal  circuit. 
When  the  arm  was  down  and  the  metal  bangle  rested  on  the  metal 
strip,  the  small  metal  arc  hung  in  a  hole  in  the  base-board. 
The  moment  the  arm  was  raised  the  contact  was  broken,  and 
when  the  arm  was  raised  5\  the  contact  of  the  uninsulated  tip 
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of  the  arc  with  the  metal  strip  was  ai^^ain  made  and  broken. 
Position  of  the  bangle  on  the  wrist  was  not  determined  by  length 
of  wrist  but  bv  the  ])ermanent  distance  between  the  point  where 
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Fig.  8.  Rclationshi])  between  speed  and  action  current  latency  in  hcin- 
zoiital  clockwise  movement  of  right  forearm  on  disc-apparatus^  Leading 
activity  from  the  triceps.  Speed  calculated  between  0'  and  10°.  N=33; 
(»r(lniate  =  average  latency  in  ms. :  abscissa  — speed  in  ms    per  degree. 

F"i(;.  9.  Kelationshii)  between  s]ieed  and  action  curreiU  latency  in  hori- 
zontal counter-clockwise  movement  of  right  forearm  on  disc-api-aratns. 
Leading  activity  from  biceps.  .Speed  calculated  between  0°  and  20°. 
N=43;  ordinate'^average  latency  in  ms. ;  abscissa=speed  in  ms.  per  degree. 

tlie  elbow  rested  and  the  edge  of  the  metal  strip  which  the  rising 
metal  arc  touched,  i'he  arm  was  strapped  to  the  horizontal  board 
'/S  in.  over  the  elbow-crease,  permitting  an  easy  movement  of  the 
arm  at  the  elbow.  In  this  way  the  speed  and  degree  of  elevation 
were  observed.  The  results  of  these  exjjeriments  are  shown  in 
Figs.  10  and  12. 
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Fig.  10.  I.  Action  current  latency  for  biceps  and  triceps  in  fast  move- 
ment of  forearm  upwards  against  gravity  (not  strapped  to  radius  board). 
Lines  here  same  as  in  Fig.  4,  I.  Arrow  at  break,  beginning  of  overt 
movement.     Speed  of  elevation  of  forearm  from  0°  to  5°,  42  ms. 

II.  Slow  movement  of  unstrapped  arm  upwards.  Longer  latency  than 
in  I. 

III.  Tension  discharges  in  long  head  (second  line)  and  short  head 
(third  line)  of  biceps  at  fast  speed  due  to  over-anticipation  of  signal  and 
lack  of  relaxation.  Beginning  of  mass  action  in  latent  period  is  clear 
here  and  about  the  same  as  in  other  fast  movements,  but  it  was  considered 
safe  to  reject  such  records  for  latency  studies. 

Fig.  14.  I.  Temporal  lead  of  long  head  of  biceps  over  short  head  by 
11  ms.  when  arm  was  moved  from  horizontal  upwards  on  arm-arc.  Elec- 
trodes in  stimulable  motor  points  of  both.  Second  and  third  lines  show 
short  and  long  heads  of  biceps  respectively.  Time-line  at  top,  signal 
at  bottom. 

II.  Temporal  lead  of  proximal  (third  line)  over  distal  end  (second  line) 
of  long  head  of  biceps  by  13  ms.  in  upward  movement  of  arm.  (Stimulable 
motor  point  was  in  proximal  end  of  long  head  of  biceps,  not  in  the  distal). 
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111.  Siniultaiic()u,>  (li>cliar,'.',t.'s  in  iipuani  iinr. ciin-nt  <>'  the  ami  when 
l)oth  pairs  of  ck-ctrodfs  were  .<S  cm.  apart  iii  loiit;  hea.l  Dt  biceps.  .Second 
and   third   lines   show   lateral   and   medial    side>  oi    li)i:u;    head. 

l*"u..  15.  i.  -Vction  current  discharges  from  biceps  and  triceps  in  passive 
movement  of  forearm  from  horizontal  iipuard>  on  arm-arc.  Fastest 
speed  recorded  here  was  22  iiis.  in  5'.  /..•.,  o^er  4  ijis.  per  degree.  Milli- 
second  time-line    at    to[) ;    biceps,    triceps,    and    signal    on    next    three   lines. 

II.  Almost  complete  ai)seiice  of  action  discharges  fr(jin  biceps  and  tri- 
ceps in  fourth  i)assive  movement  of  torearm  at  fast  speed  after  unrecorded 
habituation  trials.  Presumably  general  adjustment  to  the  situation  and 
relaxation  caused  (luieting   effect  on   reflex  discharges. 

III.  Passive  movement  following  -  sec.  pause  after  habituation  trials. 
Xote  the  fast  rate  and  that  disciiarges  are   fewer  than  in    1. 

Mxcept  for  (/('  Joiujh  (  i5  )  and  liiittliorcii  (4),  most  physiolo- 
_i;'i,sts  aiL;rfc-  that  there  is  an  interxal  !)et\veen  the  heginiiiiio  of  tlie 
electrical  resjxjnse  and  the  he^innino  of  the  niechanica!  respi^ise. 
Fulton  states,  "  no  one  has  heeii  able  to  show  tliat  the  two  actuahy 
bei;'in  w  itli  absolute  siniullaneity  "'  (5).  This  interval  or  latency 
varies  with  the  nature  of  the  nitiscle  activated.  The  true  latency 
of  a  froi^'s  oa~,ti-()ciiL'initis  is  l.ri  to  1  ms  at  iU  (  .,  and  the 
total  latencv  i>  about  ei^ht  uis.,  includino  the  period  of  rioidity. 
As  the  latency  of  an  intact  human  muscle  can  ))e  measured 
onl\  with  reference  t(j  the  outi)ut  of  work  in  movino  its  own  mass 
or  a  limb,  it  necessaril\-  will  ditfer  from  the  latency  oi  -.mall 
animal  preparations.  The  latenc\-  may  be  chanoed  ftirther  by  the 
speed  with  which  the  muscle  is  made  to  work. 

A  studv  of  l'i,i;s.  3,  S,  and  *'  and  of  the  correlations  in  Table  V 
will  emphasize  the  definite  relationships  between  speed  and  latency. 
The  reason  for  this  relationship  lies  in  the  integrative  action  of 
the  central  neiwous  system  and  peri|)heral  nuiscular  structures. 

J  he  asseiublai^e  of  nudor  neurons  (anterior  horit  cells),  each 
inner\atino  120  or  more  muscle  libers,  and  each  constitutin<;  with 
the  latter  a  motor  unit,  llla\^  its  role  in  voliintar\-  muscle  work 
in  the  manner  re(|uired  in  an\  L;i\en  circumstance.  1  low  many  of 
them  will  be  acti\ated  at  a  i)articular  time  depends  as  much  U[)()n 
cortical  control  as  uiion  the  patterns  oi  disch.aroe  alon^'  pathways 
made  useful  and  familiar  in  a  oi\en  situation  in  phylo^enetic  and 
ontot^enetic  neuromuscular  dexelopnu'Ut .  When  a  mental  set  for 
(|uick  action  of  a  partictilar  body  part  is  translatt-d  iiUo  proper 
phvsiolooical  jirocesses,  a  laroe  number  o!  motor  units  come  into 
acti<^n  and  work  in  phase  with  each  other,  ,uivino  rise  to  a  larj;e 
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electric  potential  and  enough  energy  to  get  the  hody  part  started 
from  its  position  of  rest.  On  the  other  hand,  when  we  intend  to 
move  the  same  part  in  a  slow  way,  the  fewer  muscle  fibers 
involved  i;roduce  a  smaller  amount  of  electric  potential  and  longer 
time  is  needed  to  build  u\)  cooperative  activitv  before  the  body 
part  can  be  moved.  In  other  words,  the  faster  the  speed  the 
greater  the  synchronization  of  muscle  fibers  and  the  shorter  the 
latency ;  the  slower  the  speed  the  less  the  synchronization  and  the 
longer  the  latency.  In  slow  speed,  motor  units  working  against 
mechanical  weight  of  the  limb  are  not  so  completley  out  of  phase 
as  to  be  ineffective ;  yet  they  are  enough  out  of  phase  before 
work  output  to  make  the  period  of  electrical  activity  long.  That 
is,  the  motor  units  discharge  severally  and  hence  long  enough 
before  a  synergy  takes  place  for  the  muscle  to  do  the  work. 

How  a  visual  and  kinaesthetic  image  of  a  particular  speed  of 
movement  is  transmuted  into  actual  speed  of  muscle-work  through 
cortical  and  subcortical  reflex  and  voluntary  behavior  patterns, 
within  normal  variations,  and  produces  its  respective  latencies,  is 
an  instance  of  psychological  and  physiological  cooperation  that 
can  be  studied  only  in  an  intact  organism. 

In  spite  of  a  definite  relationship  between  speed  and  latency, 
the  shapes  of  the  curves  in  Figs.  5.  8,  and  9  have  not  been  the 
same  under  different  conditions  of  movement.  When  the  arm- 
arc  was  used,  the  average  latencies  gave  a  fair  approximation  to 
a  logarithmic  curve,  whereas  in  case  of  the  disc-apparatus  and 
movement  of  the  unstrai)j)ed  arm  the  average  latencies  gave  an 
approximation  to  a  linear  relationship.  This  presumably  was  due 
to  the  presence  of  only  a  few  latencies  at  the  '  tail-end  '  of  the 
slow  speed.  If  we  had  had  a  larger  number  of  them  at  the  end 
the  true  relationship  probably  would  have  been  more  evident. 

The  latencies  at  the  various  speeds  appear  different  under  the 
four  experimental  conditions.  Rut  they  are  not  really  so.  With 
the  arm-arc.  the  weight  of  the  radius-board  and  its  attachments 
and  the  friction  involved  called  for  a  synchronous  action  of  a 
larger  number  of  muscle  fibers  than  was  required  with  the  disc- 
apparatus,  where  friction  and  weight  were  considerably  less,  or 
in  movement  of  the  unstrapped  arm,  where  frictir)n  of  apparatus 
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was  entirely  absent.  C()tisec|uently,  in  the  latent  period  of  tlie 
latter  the  amplitude  of  action  currents  was  very  much  less  than 
in  the  former.  Also,  the  form  was  ditiferent.  But  the  important 
difference  was  that  the  synchronization  factor  due  to  weij^ht,  etc., 
in  the  case  of  the  arm-arc,  reduced  the  latencies  as  compared  with 
those  in  other  situations,  h'or  instance,  if  we  examine  Fij^s.  5, 
8.  and  9  and  Tables  1,  II.  Ill,  and  I\'.  it  will  be  noticed  that  at 
a  Sj>eed  of  movement  near  or  more  than  20  ms.  per  deg"ree.  the 
axera^e  latency  which  the  arm-arc  ^ave  was  the  lowest  (92.2 
ms.  j)er  det^ree )  and  the  available  latency  on  the  disc-apparatus 
was  226  ms.  (counter-clockwise),  194  ms.  (clockwise),  and  174 
ms.  for  the  unstrapped  arm  arranj^ement,  where  there  was  almost 
no  friction,  only  weij^ht.  Although  the  averas^e  latency  at  a 
speed  of  about  20  ms.  or  over  jier  degree  on  the  disc-apparatus 
and  in  the  case  of  the  unstrapped  arm  arrangement,  was  not  so 
trustworthy,  based  as  it  was  on  so  few  cases,  the  evidence  is  clear 
that  it  was  much  higher  than  that  given  by  the  arm-arc  at  al)out 
the  same  sj)eed.  Hence  synchronization  of  muscle  fibers  is 
dei>endent  upon  two  conditions;  speed  ot  mo\ement  and  work 
to  be  done. 

There  have  been  seven  clear  records  of  a  lack  f)f  any  action 
currents  in  the  latent  period  at  the  slowest  speed,  six  in  the  clock- 
wise movement  and  one  in  the  counter-clockwise  movement  at 
16  to  25  ms.  per  degree,  h'urther,  in  certain  cases  there  has  been 
noticed  a  distinct  drop  in  latencies  at  the  slowest  speed.  Both 
presumably  are  caused  by  the  same  phenomenon.  It  has  been 
maintained  that  at  slow  stimulations  the  inactixe  nuiscle  fibers 
have  a  tendency  to  shunt  the  potential  of  the  active  fibers  and  no 
discharge  may  be  recorded.  This  variable  could  interfere  with 
either  a  logarithmic  curve  or  stra.ight  line  relationshij),  as  far  as 
the  '  tail-end  '  is  concerned. 

A  comi)arison  of  the  correlations  in  Table  \'  and  h'ig.  11, 
presenting  the  relationshij)  between  speed  and  latency  for  all  .Vs 
shows  (  1  )  there  are  marked  individual  differences  in  this  rela- 
tionship, and  (2)  while  individual  correlation  is  (pnte  high  in 
six  out  of  12  cases  the  correlation  including  all  but  two  .S's  is 
.62.     The  reason   for  the  lower  correlati(Mi  is  that  one  .V.  while 
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Table  I.     Latencies  at  different  speeds  of  movement  from  horizontal  iipivards. 

Arm-arc  apparatus 


speed  in  .001  sec. 

No.  of 

between  0°-l' 

records 

Av. 

Range 

SD 

20-59 

102 

92.2 

48-156 

21.8 

60-99 

104 

113.4 

47-278 

43.1 

100-139 

52 

158.6 

56-300 

58.7 

140-179 

35 

182.1 

69-337 

73.1 

180-219 

11 

194.0 

69-315 

69.1 

220-259 

7 

195.7 

131-299 

260-299 

2 

228.0 

215-241 

300-339 

2 

197.0 

109-285 

340-379 

3 

173.0 

126-241 

318 


128 


Table  II.     Latencies  at  differnit  speeds  of  clockzmse  horizontal  movement. 

Disc-apparatus 


Speed  in  .001  sec. 
between  1°-10' 

10-59 

60-109 
110-159 
160-209* 
210-259  * 


Speed 
per  degree 

1-5.9 

6-10  9 

11-15.9 

U)-20.9 

21-25.9 


No.  of 
records 

3 

19 

9 

2 

33 


110.0 
152.1 
261.0 
194.2 

198.2 


Range 

106-120 
94-264 
4&-42(> 

465-506 


SD 

7.1 

56.4 

100.6 

100.6 


■"  Six  zero  latencies  in  l)oth  are  not  figured  in  the  average. 


Table  III. 

Latencies  at 

different 

sp^ 

?eds  of  coiinte 

r-c!ockivise 

horizon  fa 

movement. 

D 

sc-apparatus 

Speed  in  .001  sec 

Speed 

No.  of 

between  0°-20° 

per  degree 

records 

Av. 

Range 

SD 

60-109 

3-5.4 

10 

155.1 

94-204 

33.5 

110-159 

5.5-7.9 

15 

186.4 

111-297 

60.7 

160-209 

8-10.4 

6 

205.1 

110-320 

72.9 

210-259 

10.5-12.9 

8 

160.0 

37-294 

93.5 

260-309 

13-15.4 

o 

272.0 

249-295 

310-359 

15.5-17.9 

1 

122.0 

122 

360-409 

18-20.4* 

1 

43 

226 
180.2 

226 

*  One  zero  latency  is  not  figured  in  the  average. 


Table  IV.     Latencies  at  different  speeds  of  movement  from  horizontal 

upivards.     Arm  unstrapped 

No.  of 
records 

6 
3 
2 


Speed  in  .001  sec. 
between  0°-5° 

Speed 
per  degree 

30^9 

70-109 

110-149 

150-189 

6-13.9 
14-21.9 
22-29.9 
30-37.9 

1 

12 


Av. 

88.0 
174.6 
192.5 
318 

146.2 


Range 

75-103 
121-177 
173-212 
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consistcntK  niainlaiiiiiii^  a  definite  strai^lit-line  relationship  so 
far  as  liis  own  records  were  concerned,  i^ave  the  longest  latency  at 
a  sjieed  much  slower,  or  faster,  as  the  case  may  he.  than  that  given 
i)v  another  S.  Hence  the  coml)ined  records  rednced  the  correla- 
tion. Records  taken  more  than  one  month  apart  from  one  .S' 
(I'.Kl!)  showetl  practically  the  same  le\el  of  correlation  each 
time. 

h'ccipi'Oi'dl    iniicn'dlion    of    unliiaomslu-    iniisrlrs.       (iolla    and 
Hitt-a'cr    (7).  nsintj;  himian   .Ss  and   the  electromyoj^raphic  tech- 

'I'ahi.k.    \'.      Ccrrrldlidii    licliCCiii    sf^cnl    aud    action    currn\!    hilcncy    iii 
iitd'i'Ciiiciil    froiii   hiiricniilal   ///-a'O/t/.v.      .Inii-drr 


Xd.  rtccirds 

C'lirri ! 

•itidii 

.Subject 

r 

r 

1  lui 

P.E. 

RW 

41 

.87 

.02 

BKB 

40 

.,SX 

.02 

JL 

.s<; 

.57 

.07 

VR 

21 

.92 

.02 

GE 

15 

.63 

.08 

AM 

19 

.58 

.09 

NHK 

24 

.73 

.06 

DRM 

24 

.80 

.05 

AHH 

15 

.60 

.09 

SPB 

IH 

.60 

.09 

BKB 

17 

.87 

.03 

BKB 

23 

.89 

.03 

(S  .subjects 

2(i4 

.ul 

.02 

ni(|ne.  have  shown  the  cooperation,  time-relations  and  the  mai^ni- 
tiide  of  resjionse  of  sexeral  ])airs  of  antas^^onistic  nniscles  and  the 
effect  of  resistance  on  that  res|)onse.  linlry  and  /'/At  (23), 
emjjloyini,^  a  mechanical  myograi)hic  set-np  for  clinical  .Ss,  and  the 
techni(|ne  of  stinnilation  of  tlie  cerehrnm  and  cerchelhnn  of 
narcotized  animals,  came  to  the  conclnsion  that  "  nuiscnlar  co- 
ordination depends  primarily  on  the  synchronons  co-contractive 
relation  in  the  anta^(»nistic  nniscle  i^M-onps  ".  They  ha\e  felt  com- 
pelled to  disaL^ree  with  what  I'liltoii  (5  )  calls  the  classical  view  of 
reciprocal  innervation  :  that  when  the  at'onist  contracts  the  antaj^- 
onist  rela.xes  ( .Shcrriiuilon.  20).  'I'hc  possihility  of  simultaneous 
contraction  of  antaL,^onistic  muscles  is.  however,  indicated  by 
Shcrriu(it()u  (21,  22).  He  says  that  "  douhle  reciprocal  innerva- 
tion "",  i.e..  tlie  contraction  to  a  deL,n-ec'  of  hoth  antaij^onist  and 
aj,''onist.  "  rejjresents  conditions  nearer  to  the  occmrences  (^f  daily 
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life  "  than  simple  reflex  contraction  of  an  agonist  upon  relaxation 
of  its  antagonist.  Pollock  (18)  found  reciprocal  innervation  when 
contralateral  nociceptive  stimuli  were  used  on  animal  preparations, 
and  also  in  phasic  reflexes  inhibiting  tonic  ones.  Although  he 
observed  simultaneous  contraction  in  the  antagonistic  muscles  in 
non-tonic  reflexes  from  the  neck,  accompanying  tonic  ones  when 
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Fig.  11.  Individual  difftrences  in  the  rtlationship  between  action  current 
latency  and  speed  of  movement  for  right  forearm  from  horizontal  upwards. 
Speed  in  ms.  between  0°  and  1^.  Arm-arc  apparatus.  Initials  represent 
5's.     Ordinate=average  latency  in  ms. :  ahscissa=speed  in  ms.  per  degree. 

Strong  contralateral  nociceptive  stimuli  were  employed,  he  con- 
cludes that  "  these  observations  can  not  be  used  to  determine  the 
behavior  of  antagonistic  muscles  in  voluntary  movements  ". 
Recently  ]VUson  (29).  using  the  leverage  system  and  kymographic 
recordings,  found  in  finger  movement  under  various  conditions 
that  the  agonist  and  antagonist  contract  simultaneously  or  in 
succession  at  different  rates  and  amounts,  giving  overt  movements 
as  a  resultant.  Hence  the  question  concerning  reciprocal  innerva- 
tion in  intact  antagonistic  muscle  groups  is  not  settled. 

The  purpose  of  this  part  of  the  research  is  to  determine  the 
temporal  and  svnergic  factors  in  the  so-called  reciprocal  innerva- 
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tion  of  biceps  and  triceps  and  the  extent  of  co-contraction  in 
voluntary  activity  with  reference  to  speed.  The  element  of  speed 
has  not  been  measured  in  the  studies  just  mentioned  but  its  im- 
portance  will  be  clear  presently. 
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Fi(i.  12.  Rclationshii)  hL'tweeii  speed  and  action  cnrrent  latency  for  biceps 
in  movement  of  right  forearm,  unstrapped  to  radius-board,  from  horizontal 
u()wards.  Speed  calculated  between  0°  and  5°.  N=12:  ordinai-e=:averaRe 
latency  in  ms. ;  abscissa=speed  in  ms.  per  degree. 

Fig.  13.  Relationship  between  speed  and  anmunt  of  lag  in  tricei)s 
latency  in  comparison  with  biceps  latency  in  movement  of  right  forearm 
from  horizontal  upwards.  Arm-arc.  N  =  126;  ordinate=average  triceps 
lag  (in  ms.)  in  the  latent  period;  abscissa=speed  in  ms.  per  degree. 
Dotted  portion  of  curve  based  on  small  numlier  of  cases. 

l)Otli  the  ;irm-arc  and  the  disc-ap[Ktratus  were  tised  and  alto- 
f^ether  326  records  were  analyzed.  The  electrodes  were  in  the 
motor  point  of  the  lonj;  heads  of  the  rit^^ht  biccjis  and  triceps. 
Thus  was  avoided  the  criticism  concerning  the  use  of  pseudo- 
antaj:^onists  in  such  a  stud}'.  Records  showinj.;'  a  jjoor  triceps  line, 
because   of   bad   li<;ht   or   too   nuich    fatty   tissue   in  the  S,   had 
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to  be  rejected.  And  where  rhythmical  tension  discharges  were 
present  (Fig.  7-1),  only  the  clear-cut  indications  of  action  cur- 
rents occurring  in  addition  to  them  in  the  antagonists  were 
counted.    A  distinction  also  could  be  made  between  barely  notice- 

Table  VI.     Amount  in  nis.  by  ivliich  triceps  hujs  behind  biceps  in  latent  period,  m 

viovement  of  right  forearm  from  horizontal  upwards  at  different 

speeds  betiveen  zero  and  one  degree.    Ann-arc 

Subject 


f 

^ 

SPB 

CVR 

HW 

AH 

NK 

BKB 

GE 

Total 

Fast  speed  20 
per  degree 

-59  ms. 

fN 
-i  Av. 
[SD 

3 
68.3 
15.7 

5 

17.4 
3.3 

7 
->  -> 

2 
35 

6 

18 

36.2 

17.8 

5 
35.6 
17.08 

35 

35.3 

19.5 

Med.  speed  69-99  ms. 
per  degree 

'N 
■  Av. 
SD 

5 
83.2 
21.5 

-> 

42 

7 
42.4 
20.6 

8 

66 . 5 
17. f) 

7 
94.7 
37.6 

J 

58.0 

32 

67.6 

31.5 

r  100- 

N 

4 

1 

4 

4 

6 

19 

139 

Av. 

79.2 

28 

69.7 

130 

111 

95.2 

SD 

38.5 

22.7 

41.9 

42.7 

46 

140- 

N 

5 

2  * 

1 

1  * 

1 

13 

179 

Av. 
SD 

128.4 
31 

117.5 

87.0 

154.6 
62.2 

15 

25 

112.9 
56.1 

180- 

N 

0 

Im4 

1 

1  * 

1 

5 

219 

Av. 
SD 

104 

184 

49 

41 

96.4 
51.2 

Slow  speed 
100  ms. 

220- 

N 

1 

1  * 

2 

259 

Av. 

250 

0* 

40 

145 

and  over 
per  degree 

260- 
299 

300- 
339 

340- 
379 

SD 

N 

Av. 

SD 

N 

Av. 
SD 

N 

Av. 

SD 

1 
200 

1 
47 

1 
94 

1 
200 

1 

47 

1 
94 

Absence  of  triceps  latency  in  one  unrecorded  case. 


able  discharges  quite  distant  from  the  electrodes  and  tube  dis- 
turbances in  the  line  wherever  they  were  unavoidably  present. 
Some  of  these  discharges  were  included  under  the  term  s.v.  (small 
volleys).  For  a  rough  classification,  without  any  intention  of 
exact  measurement,  other  discharges  were  named  large  volleys 
and  mass  action  (see  Tables  VIII  and  IX). 
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VVc  found  (  I'i.^s.  4  and  10)  tliat  the  trice] >s  coojxTates  espe- 
cially when  tlie  biceps  is  active  against  j^n'avity  ;  the  fdrmer  does 
not  relax,  contrary  t(t  what  is  said  usually  in  psychological 
literature  about  the  subject  of  reciprocal  innervation.  But  the 
triceps  acti\ity  is  tardier  than  the  bicei)s  activity  (Fig.  13). 
Table  \  I  shows  that  the  triceps  lags  behind  the  biceps  in  the  latent 
]>eriod  bv  about  o.^  nis.  in  fast  sjjced  of  20  to  59  ms.  per  degree, 
()7  ms.  in  medium  si>eed  of  (>()  to  <)^'  ms.  ]ier  degree,  and  93  to 
200  ms.  in  slow  speed  of  100  to  2^'*'  ms.  jver  degree. 

I'rom  a  (pialitative  analy>is  it  is  ai>i)arent  that  the  full  co- 
o]x?ration  of  the  triceps,  involving  a  greater  number  of  response 
units  in  fast  movement  from  horizontal  u])\\ards  against  gravity, 
usually  is  initiated  l)etween  10  and  20  .  sometimes  earlier  (see 
Fig.  4-1).  !n  slow  s])eed  this  coo])eration  is  either  [)ostponed 
until  30  to  4.^  and  continued,  or  ma\'  lessen  to  the  extent  of 
small  volleys  (barely  noticeable  volleys).  There  are  exceptions 
and  individual  differences. 

The  scatter  or  variability  of  the  temporal  lag  of  the  triceps  is 
tremendous,  as  Tal)]e  \  1  shows.  Data  on  voluntary  movements 
froiu  uji  downwards  (not  tabulated),  in  which  the  trice])S  takes 
the  lead,  show  that  the  bice])s  is  not  ])assive.  It  coo])erates  either 
in  the  latent  ])eriod,  or  all  the  way  down,  or  both,  with  marked 
individual  differences  as  to  its  initiation  of  activity. 

The  moxement  of  the  nnstrap])ed  arm  upwards  and  downwards, 
where  there  is  no  mechanical  friction  and  only  the  weight  of  the 
arm.  shows  the  same  cooj^-ration  although  a  smaller  number  of 
motor  units  is  inxojwd, 

'ihe  clockwise  and  counter-clockwise  moxcment  on  the  disc- 
a];]>aratns  (  Tabks  \  III  and  I  .\  )  shows  that  the  syiiergic  action 
of  the  antagonist  appears  between  15  .and  100  ]ier  cent  of  the  time 
within  a  certain  s]Ked  range:  d  to  21  ms.  ]K.-r  degree,  in  clockwise 
movement,  and  three  to  1,^  ms.  ])er  degree  in  counter-clockwise 
movement.  .\t  a  slower  speed.  /.('..  slower  th.'ni  21  lus.  jier  degree, 
the  bice]>s  is  ol)ser\ed  t(t  be  passixe  when  the  trice])S  is  active  ir. 
clockwise  movemeni,  and  at  slower  than  1  .•>  ms.  ])er  degree  the 
triceps  is  passive  when  the  biceps  is  actixe  in  counter-clockwise 
movement.      I^o   the    fact   emerges   that    tlu    clockwise   movement 
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needs  the  cooperation  of  the  antagonist  and  the  agonist  more 
than  the  counter-clockwise  movement,  at  a  si)eed  slower  than 
13  nis.  per  degree. 


Table  VII.    Amount  m  ms.  by  luliich  triceps  la<js  behind  biceps  in  latent 

period  in  movement  of  forearm  from  horizontal 

lipzvards.  irrespective  of  speeds 


Subject 

N 

Av. 

Range 

SPB 

17 

92.94 

0-166 

CVR 

7 

46.00 

0-124 

HW 

5 

26.00 

19-62 

AH 

14 

62.20 

20-107 

NHK 

20 

111.00 

29-250 

BKB 

33 

62.00 

0-187 

GE 

13 

46.07 

0-97 

109 


71.50 


Table   V'III.     Characteristics  of  biceps  discharge  according   to   speed 

z^'hen  triceps  is  chiefly  active  in  clock-n'ise 

movement.     Disc-apparatus 

S.V.  =  small  volleys,  one  or  two  motor  units 
L.V.^ilarge  volleys,  several  motor  units 
M.A.=:mass  action,  manv  motor  units 


Av. 

Characteristics 

Per  cent  of 

amount  of 

of 

Per  cent 

cases  showing 

biceps  lag 

biceps  discharge 

of  cases 

biceps 

in  ms. 

between  0°-20°  and 

showing 

discharge 

Speed,  ms. 

in  latent 

after,  where  it 

biceps 

between  0°- 

per  degree 

period 

was  present 

latency 

20°  and  after 

r>-10.9 

62 

S.V.,  L.V.,  ^I.A. 

70 

100 

11-15.9 

6 

S.V. 

38 

47 

16-20.9 

S.V. 

0 

IS 

21-25.9 

0 

0 

0 

Table   IX.      Characteristics   of    triceps   discharge   according    to   speed 

when  biceps  is  chiefly  active  in  connter-clockzvise 

movement.     Disc -apparatus 


Characteristics 

Per  cent 

Av. 

of  triceps 

of  cases 

amount  of 

discharge 

Per  cent 

showing 

triceps  lag 

between  0°- 

of  cases 

triceps 

in  ms. 

45°  and  after, 

showing- 

discharge 

Speed,  ms. 

in  latent 

where  it  was 

triceps 

between  0°- 

per  degree 

peri(xl 

present 

latency 

45°  and  after 

3-5.4 

15.5 

S.V.,  M.A. 

50 

100 

5.5-7.9 

49 

S.V..  M.A. 

30 

100 

8-10.4 

S.V.,  L.V. 

0 

100 

10.5-12.9 

S.V.,  M.A. 

0 

100 

13-15.4 

doubtful 

doubtful 

15.5-17.9 

a 

it 

18-20.4 

li 

ii 
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In  tlic  latent  period  tliere  is  noticed  the  usual  lai,'^  in  the  biceps 
{V\\l.  7-1  )  and  triceps  in  clockwise  and  counter-clockwise  move- 
ment, at  a  sjjeed  between  0  and  U)  ms.  per  dej^^ree  and  three  to 
ei!j;ht  ms.  per  degree  respectively  (Tables  VTTI  and  IX).  Belov^^ 
tlK»se  speeds  no  cooperation  l)etween  the  antat^onistic  muscle 
^.^^roups  is  noticed  in  th(.'  latent  jieriod.  llowever.  the  triceps  is 
more  cooi^-rative  than  the  bicejis  in  the  latent  period  as  indi- 
cated by  less  lajj:,  and  in  the  post-latent  period  at  speeds  up  to 
13ms.  ])er  degree,  after  which  it  gives  no  determinable  co- 
o])eration. 

Although  tliere  always  has  been  a  lag.  the  synergic  action  of 
the  triceps  is  evident  in  the  latent  period  and  later  at  a  nnich 
slower  speed  on  the  arm-arc  than  on  the  disc-ap])aratus  (counter- 
clockwise). I'^ather  it  has  cooperated  in  the  former  case  at  a 
speed  of  ^*7  ])er  cent  less  than  that  on  the  disc-a])i)aratus  (Tables 
\'I  and  \'1I1).  'i'he  reason  for  this  is  clear,  (iravity.  weight, 
and  friction  (in  the  arm-arc)  have  made  it  im])erative  th.at  the 
biceps  "  summon  the  aid  "'  of  the  triceps,  which  is  nnich  less 
needed  when  .all  these  factors  are  present  only  to  a  limited  degree 
(in  coimter-clockwise  movement  on  the  disc-<a])paratus  ).  Also, 
the  size  of  action  currents  when  the  disc-apparatus  is  used  is 
less,  on  the  whole,  than  in  the  case  of  the  arm-arc  which  brings 
into  action  a  larger  number  of  motor  units. 

From  all  these  considerations  it  is  clear  that  in  movement  of 
the  forearm  in  an  intact  organism  there  is  no  absolute  reciprocal 
innervation,  nor  absolute  co-contraction  or  sinniltaneous  innerva- 
tion. Jvather.  there  is  coopcrath'c  iuncn'atiou  with  a  temporal 
lag  and  differential  intensity  on  the  jjart  of  the  non-leading  mem- 
ber of  the  antagonistic  muscle  groups,  depending  upon  the  s])ee(i 
at  which  the  postural  changes  are  made  in  response  to  environ- 
mental demands. 

Disparate  mnervation  of  the  t^vo  heads  of  the  bieeps  braeJui. 
Although  anatomically  the  biceps  brachii  muscle  has  been  known 
to  have  two  heads,  they  have  been  taken  to  act  more  or  less  as  a 
unit  in  contraction.  In  acti(Mi  current  work  electrodes  are  usually 
placed  transversely  across  the  belly  of  the  entire  muscle  or  inserted 
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through  the  skin  of  the  region  known  to  contain  the  motor  point, 
or  the  functional  center  of  the  whole  muscle. 

The  purpose  of  this  section  is  to  investigate  the  temporal  order 
of  innervation  of  the  functional  centers  of  the  two  heads  of  the 
muscle  and  the  relationship  between  the  functional  centers  and 
the  nearby  points  of  the  heads  at  different  speeds  of  movement. 
The  arm-arc  was  used.  Electrodes  were  placed  as  indicated  in 
Table  X,  each  pair  in  a  distal-proximal  relationship  in  the  biceps. 
A  total  of  191  records  were  taken  from  four  5*5. 

Table  X.    Location  and  distance  in  cm.  of  ln'o  flairs  of  electrodes  in  biceps; 

Az^elcetrode  pair  in  the  motor  point  of  long  head;  Bznelectrode 

pair  in  flic  motor  point  of  short  head 

Subjects 


Electrodes 

A 
B 

Ai 
A, 
A, 
A. 

Closest  points  of  A  and  Ai 

Closest  points  of  A  and  A2 

Mid-points  of  A  and  B 

Mid-points  of  A  and  A3 

AB  =  one  pair  of  electrodes  in  stiniulahle  motor  point  of  long  head  and  another  pair  in 
stimulable  motor  point  of  short  head  of  biceps.  AiB  =  one  jiair  distal  to  motor  point  of  long 
head  and  another  in  motor  point  of  short  head.  A:.B  =  one  pair  proximal  to  motor  point  of 
long  head  and  another  in  motor  point  of  short  head.  AA,  =  one  pair  in  motor  point  of  long 
head  and  another  pair  distal  to  motor  point  of  same  head.  AA3=one  pair  in  motor  point 
of  long  head  (lateral  side)  and  another  pair  slightly  medial  to  motor  point  of  same  head  at 
same  level.  A4B  =  one  of  a  pair  pro.ximal  to  motor  point  of  long  head,  the  other  retained  in 
the  motor  point,  and  the  second  pair  in  motor  point  of  short  head. 

From  Table  XI  (BKB,  AAj )  it  may  be  ascertained  that  the 
functional  or  physiological  motor  point  of  the  long  head  of  the 
biceps  always  has  a  temporal  lead  over  a  non-motor  point  of  the 
same  head  in  muscle-work  against  gravitv  (Table  X  and  Fig. 
14-11). 

In  general  there  is  a  temporal  lead  of  the  motor  point  of  one 
head  over  a  non-motor  point  of  the  other  head  (Table  XI, 
JL-AoB).  However,  in  JL  (A^B)  the  short  head  lagged 
behind  the  long  head  more  often  than  not.  although  the  electrodes 


r 

^ 

JL 

BKB 

BKB 
Distance  in 

RW 
cm. 

CVR 

1.6 

1.6 

1.9 

1.2 

0.8 

1.6 

2.5 

2.1 

1.0 

0.9 

1.3 

1.8 

1.2 

1.6 

1.4 

2.Z 

3.1 

1.6 

2.3 

3.7 

4.0 
0.7 

2.6 

3.1 
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wore  supposed  to  be  in  the  motor  point  ni  the  tornier  and  distal 
to  the  motor  point  of  the  latter.  'l"he  [)robable  reason  tor  this  is 
the  slig^ht  difference,  as  jjointed  out  by  Traz'is-  and  Patterson  (26) 
in  (|uadriceps  femoris,  l)et\veen  the  [>hysioIogical  motor  point  and 
the  stimulable  motor  point. 

T.VBLE  XI.     Frequency  of  Iciut  in  the  hn'o  luuuis  of  the  bice/^s  Zi'ith  different  positions 

of  electrodes  * 


[£Ioctnxle 

JL 

BKB 

RW 

CVR 

location 

af** 

af 

as*- 

af 

af         as 

af 

Xo.  of  records 

19 

14 

12 

2') 

19         H 

21 

AB 

Long  head  lead 

43% 

100% 

58% 

83  %> 

53% 

Short  head  lead 

36% 

25% 

10% 

100'^.   1(M)% 

i2,% 

Siimiltaiieoiis 

21% 

\7% 

7% 

14% 

Xo.  of  records 

15 

A.E'. 

J.ong  head  lead 
.'^liort  liead  lead 
Siinultaiieoiis 

Xo.  of  records 

47% 

26/2% 

26/% 

15 

A,B 

I.ong  head  lead 
.Short  head  lead 
Simultaneous 
Xo.  of  records 

80% 
2Q% 

12 

AA, 

Lons;  head  motor  point 

lead 
Long  head  distal  lead 
Simultaneous 
Xo.  of  records 

100% 
11 

A  A:, 

Lateral  side  of  lonq  head 

lead 
Medial  side  of  long  head 

lead 
.Simultaneous 
Xo.  of  records 

9% 
91% 

13 

A. p. 

Long  head  learl 
Short  head  lead 
.Simultaneous 

85% 
15% 

-See  Table   X   for  exact  elcctroile  ilistaiice  and   simiilicatu-;."  nt    AB,    A|B.   etc. 
*'af=;arm   flat  on   the   radius-hoaiii. 
as  =  arni   sidcwi.se  on  the  radiusdioanl. 

Xint'ty-one  per  cent  simullaneotis  (Hscharc^es  at  electrode  j>osi- 
tions  .\A;.  j)rove  that  botli  |)airs  were  at  the  same  motor  miit  or 
within  tlie  same  functional  zone  ot"  two  adjacent  motor  mnts 
(Fi-    14-111  and  Tables  X  and  XI). 

I'!xce{)t  for  RW  rnid  tor  a  tew  simnltaneous  records  the  Iiuil,^ 
head  led  the  short  head  in  the  ^■reater  ])ercenta,<2;'e  of  cases,  when 
the  stimulable  motor  points  n{  both  heads  were  utilized  (  d'able  XI, 
and  b'ii;.  14-1).  The  reason  is  either  that  the  I'mictional  center 
of  the  short  head  was  not   found  because  of  the  aforesaid  differ- 
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ence  between  stiinulal)le  and  physiological  motor  j>oints,  or  that 
there  was  an  inherent  physiological  bias  in  the  long  head  in  arm 
movement  against  g'ravitv. 

With  electrodes  in  motor  points  of  both  heads,  significant  dif- 
ferences were  found  in  the  lead  from  individual  to  individual, 
c7r.,  the  long  head  lead  ranged  from  43  to  100  per  cent  of  the 
cases  and  short  head  lead  from  10  to  36  per  cent,  and  in  one  indi- 
vidual. 100  per  cent  of  cases  (Table  XT,  AB). 

The  position  of  the  arm  (  fiat  or  sidewise  on  the  radius-board) 
made  no  difiference  in  the  lead  with  RW,  though  it  did  with  BKB, 
but  this  lead  was  not  consistent.  It  is  (|uite  probable  that  the 
difference  was  due  to  chance  factors  rather  than  tc)  anything 
related  to  position  of  the  ariu.  If  it  were  caused  by  tension  dis- 
charges it  would  have  been  detected  in  the  records. 

From  Table  XII  it  will  be  evident  that  the  scatter  or  vari- 
ability around  the  mean  ainount  of  lead  of  either  the  long  head 
or  the  short  head  is  quite  large,  and  that  slow  speed  increases 
the  lead  considerably  more  than  fast  speed.  The  latter  fact  is 
attributable  to  asychronous  volleys  of  the  motor  units  in  slow 
speed,  earlier  referred  to,  and  the  former  to  the  temporal  non- 
specificity  of  their  discharge  in  connection  with  the  successive 
movements  of  a  large  luuscle  group. 

Passive  moveniCHt  discharges.  IVachholder  (21 )  and  IVach- 
holder  and  Altenherger  (28),  recorded  action  currents  from 
intact  human  muscles  in  passive  movement.  The  sources  of  these 
action  currents  have  been  a  puzzle  since  they  apparently  are  not 
produced  by  any  conscious  voluntary  eft'ort  on  the  part  of  the 
individual  concerned.  JJ'acliliolder  states  that  one  of  the  condi- 
tions which  eliminated  them  in  his  experiments  was  .S's  attempt 
to  relax  psychically  as  completely  as  possible,  other  conditions 
being  sufficiently  slow  uKwements,  small  angular  movements,  and 
exclusion  of  gravity. 

McKinley  and  Berkzcitc  {  17  )  reported  before  the  American 
Neurological  Association  what  they  called  '  tonus  tracings  '  from 
human  muscles,  biceps  and  triceps.  They  connected  those  muscles 
with  the  amplifier  and  oscillograph  and  tm-ned  the  hand,  resting 
on  a  rotating  and  almost  frictionless  support,  horizontally  inward 
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or  outward  with  the  help  of  various  weig^hts  suspended  over 
pulleys.  Their  results  were  not  uniform.  With  some  5"s  there 
were  discharges  in  biceps,  with  others  in  triceps,  and  with  still 
others  in  both,  under  identical  conditions.  I'hey  thought  that 
"  the  role  of  voluntary  or  higher  reflex  mechanisms  in  producing 
fluctuations  cannot  be  discarded  ".  They  also  mention  the  factor 
of  lack  of  relaxation.  But  they  added  that  "  relaxation  with  the 
arm  at  rest  was  readily  attained  in  practically  every  experiment, 
but  relaxation  during  the  movement  in  the  arm  was  evidently  a 
matter  not  so  much  of  volition  as  of  the  general  physiological 
make-up  "  and  that  further  study  should  be  done  on  it. 

The  purpose  of  this  part  of  the  research  is  to  investigate  the 
bearing  of  speed,  short  rest,  habituation,  and  pause  on  the  dis- 
charges in  passive  movement.  These  four  conditions  were  intro- 
duced as  follows : 

1.  S  was  asked  to  close  his  eyes,  relax,  and  consciously  eliminate  all  voluntary 
effort  when  his  arm,  strapped  to  the  radius-board,  was.  without  any  signal  to 
him,  moved  by  E  up  and  down  on  the  arm-arc.  or  clockwise  or  counter-clock- 
wise on  the  disc-apparatus  at  various  speeds  with  about  1  min.  interval  between 
each  pair  of  movements. 

2.  A  3  min.  relaxation  period  was  interpo.sed  and  a  passive  movement  record 
immediately  following  it  was  taken. 

3.  E  moved  the  radius-board  and  the  strapped  arm  up  and  down  on  the  arm- 
arc  seven  times  without  any  appreciable  interval  between  movements,  to  create 
a  condition  of  habituation  to  the  situation,  and  the  eighth  passive  movement 
immediately  following  the  seventh  was  recorded,  and  sometimes  three  other 
successive  movements  were  also  photographed. 

4.  The  condition  was  the  same  as  for  (3)  except  that  between  the  seventh 
habituation  trial  and  the  passive  movement  for  the  eighth  time  a  pause  of 
1  to  2  sec.  was  introduced  and  then  the  eighth  movement  was  recorded. 

The  order  or  plan  of  this  experiment  was  unknown  to  ^9.  The 
laboratory  was  quiet  as  possible. 

In  order  to  measure,  wherever  possible,  the  amount  and  extent 
of  discharges  in  passive  movement,  for  the  sake  of  comparison 
under  the  four  conditions,  the  following  standard  was  set  up  and 
observed  within  small  limits  of  error.  Action  currents  with  a 
duration  of  9  to  12  ms.,  and  an  amplitude  of  1.5  cm.  or  over 
from  the  base-line  of  the  record  were  described  as  large  mass 
action.  Action  currents  lasting  4  to  8  ms.  and  less  than  1.5  cm. 
high  were  termed  medium  mass-action.     Small  volleys  were  2  to 
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o  Ills,  long  and  less  than  1.5  cm.  in  aniplitude.  When  there  was 
a  contintious  mass  action  it  was  divided  into  several  mass  action 
blocks,  each  12  nis.  lon^'. 

From  an  analysis  of  llh  records  of  {lassive  movement  at 
w'lrions  speeds  (3  to  ^\^  ins.  ])er  dei^ree ) ,  diiriiiii'  the  initial 
and  later  stages  of  the  moxenient  and  in  different  directions — 
antij^ra\it\-  (^X^  records),  i;ra\it\-  (60  records),  clockwise  (31 
records),  counter-clockwise  {1}^  records),  and  in  unstrapped 
arm-arrangement   (  14  records) — the  foUowiiiir  facts  emer_<]^ed. 

There  were  no  action  currents  befijre  the  hrst  break  in  jiassive 
nio\enient  for  either  head  of  the  biceps  or  for  the  triceps  at  any 
S{>eed  in  any  direction  except  for  a  few  adventitious  discharges 
in  the  clockwise  and  counter-clockwise  movements.  These  dis- 
charges occurred  in  ()  per  cent  of  the  cases  in  the  latent  period 
for  l)iceps  and  tricejjs  in  clockwise  movement,  in  -I-  per  cent  of 
cases  in  the  latent  jjcriod  for  triceps  in  counter-clockwise  move- 
ment. 

Action  current  discharges  in  the  muscles  under  consideration 
occurred  onl\  twice  in  passive  movement  between  0'  and  5^ 
against  gravity,  and  only  four  times  between  7?  and  70  with 
gravity.  There  were  bicejis  discharges  in  48  and  triceps  dis- 
charges in  44  per  cent  of  cases  in  counter-clockwise  movement 
between  0  and  20  ;  there  were  bicejis  discharges  in  nine  and 
trice])S  discharges  in  11  per  cent  of  cases  in  cl<)ckwise  mo\ement 
between  0^  and  10     on  the  disc-a[)paratus. 

In  general  (here  has  been  some  form  of  action  current  dis- 
charges, single  \-oIleys,  mediutu  mass  action  or  large  mass 
action,  anywhere  between  five  and  7?''  in  the  biceps  or  in  the 
triceps  or  both,  when  the  arm  was  passively  raised  from  0' 
against  gravitv  or  nio\ed  downwards  to  0  from  70^  with  gravity 
on  the  arm-arc  (big.  13-1).  This  was  true  also  for  jiassive 
movement  of  the  unstrajjped  hand  beyond  5^  rmd  for  the  clock- 
wise and  counter-clockwise  moxTinents  beyond  10'  and  20' 
res})ectivelv,  with  a  few  excejUions  in  the  last  instance.  The 
location  ot  their  appearance  was  not  the  same  from  j)erson  to 
])erson  or  troni  trial  to  trial  in  the  same  person,  although  in  many 
records   was    found  a   critical   angle  between    15^   and  30'    from 
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horizontal,  at  which  action  currents  invariably  appeared.  This 
becomes  significant  when  we  recall  that  in  many  instances  the 
triceps  cooperated  vigorously  at  about  that  region  in  voluntary 
movement. 

At  fast  speeds  there  was  a  greater  possibility  for  the  appear- 
ance of  these  discharges  than  at  slow  speeds,  yet  the  speed  factor 
did  not  seem  absolutely  important  in  every  case.  For  in  fastest 
speeds,  e.g..  4  to  6  ms.  per  degree  (Fig.  15-11),  there  were 
negligible  or  no  passive  discharges  on  some  records  from  BKB, 
AH,  GE.  and  NK,  whereas  in  slow  speed  (141  ms.  initially  and 
68  ms.  at  a  later  stage,  per  degree)  large  action  currents  were 
found  in  GE.  There  must  have  been  a  factor  other  than  speed 
to  account  for  these  discrepancies.  The  form  of  these  discharges 
varied  from  individual  to  individual.  Some  had  a  greater  degree 
of  large  mass  action  while  others  had  a  larger  number  of  single 
volleys  or  more  medium  mass  action  within  the  same  speed 
range.  .    -  .      :■ 

■■:  Compared  with  each  .S's  own  first  normal  record  of  upward  or 
downward  passive  movement,  the  first  record  taken  after  a  3  min. 
relaxation  showed  a  distinct  increase  of  action  currents  in  64  and 
decrease  in  36  per  cent  of  the  cases.  But  the  first' passive  move*- 
ment  after  habituation  trials  indicated  an  increase  of  action  cur- 
rents in  only  28  and  decrease  in  72  per  cent  of  the  cases,  the 
second  record  after  habituation  trials  an  increase  in  36  and  de- 
crease in  64  per  cent  of  the  cases,  the  third  record  after  habitua- 
tion trials  an  increase  in  44  and  decrease  in  56  per  cent  of  the 
cases,  and  the  fourth  record  after  habituation  trials  an  increase  in 
20  and  decrease  in  80  per  cent  of  the  cases  (Fig.  15-11).    . 

The  evidence  seems  to  point  to  the  conclusion  that  the  decrease 
of  action  currents  in  passive  movement  was  due  not  necessarily 
to  slow  speed  (as  many  were  fast-speed  records),  but  to  the  way 
S  reacted  to  the  situation  of  his  arm  movement.  If  he  became 
accustomed  to  the  latter  and  paid  little  attention  to  the  passive 
movement  while  it  was  going  on,  there  were  no  discharges.  Ap- 
parently the  tendency  to  help  or  resist  the  movement  was  quieted. 
But  '  paying  little  attention  '  presupposes  not  only  an  ability 
psychologically  to  dissociate   from  the  act  of  movement,  but  a 
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physiolof^ical  state  of  relaxation  which  k:eei)S  the  various  retlexes 
from  manifesting  themselves.  The  fact  that,  in  a  larj^e  number 
of  cases,  passive  movement  after  a  rest  of  three  minutes  increased 
action  currents  sugg"ests  the  possibility  of  some  form  of  startle 
calling  forth  helping  or  resisting  movement,  or  of  a  response  like 
the  righting  reflex. 

In  several  instances  a  pause  of  about  1  sec.  before  the  last 
(eighth)  habituation  trial  at  the  fast  s{)eed  distinctly  reduced 
action  currents  (Fig.  15-III).  This  may  be  due  either  to  the 
fact  that  (1)  A'  was  caught  unaware  and  had  no  opportunity  to 
react  to  a  situation  different  from  the  [)receding  habituation  trials 
or  (2)  a  short  pause  leads  to  a  period  of  neuromuscular  re- 
adjustment, quieting  the  activity  of  possible  sources  of  response. 
Probably  the  latter  alternative  is  true. 

Action  current  dischanjcs  in  attention.  Some  of  the  classical 
experiments  on  attention  relate  to  the  recording  of  heart  beat, 
breathing  and  other  physiological  manifestations.  Tachisto- 
scopic  techni(|ues  investigated  the  so-called  span  of  attention  or 
apprehension  with  its  different  levels  of  clearness.  However, 
from  the  standpoint  of  systematic  psychology,  the  subject  of 
attention  has  presented  a  problem  which  is  far  from  being  settled. 
Attention  might  be  e(|uated  to  consciousness,  as  some  have  done 
without  much  success,  or  conceived  of  in  terms  of  energy,  or  as 
a  state  or  condition  of  the  appearance  of  mental  phenomena,  or 
as  a  manifestation  of  will  constituting  a  '  sense  of  imiervation  '; 
there  has  been  no  universal  agreement  about  its  real  nature. 
Physiologically,  the  situation  has  not  been  investigated  except  in 
sporadic  instances.  Yet  attention  is  intimatelv  interwoven  with 
our  mental  and  probably  with  our  biological  life.  Here  we  shall 
accept  attention  in  its  pojjular  sense — focusing  of  consci(Hisness. 
Our  purpose  is  to  investigate  electromyographically  the  relation 
of  attention  to  two  types  of  image,  visual  and  kinrcsthetic. 
Although  imaging  involves  attention,  attention  to  a  particular 
image  connotes  a  mental  activity  which  may  suggest  more  degrees 
than  ordinarily  are  implied  in  the  term  '  imaging  '. 

We   have   attempted   to   obtain    action    current    pictures    under 
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the  following  conditions :  ( 1 )  quiet  attention  to  a  visual  image 
of  the  right  upper  arm — plain  visualization;  (2)  quiet  kinses- 
thetic  attention  (or  quiet  attention  to  the  imaged  movement  of 
the  right  upper  arm);  and  (3)  strained  kinsesthetic  attention, 
or  intensive  attention  to  the  imaged  movement  of  the  right  upper 
arm.  The  terms  '  quiet  '  and  '  strained  '  were  used  to  convey  a 
psychological  differentiation  to  the  minds  of  the  5^8  and  our  aim 
was  to  find  a  difference,  if  any,  in  electromyographic  phenomena. 
When  6^  attended  quietly  to  a  mental  image  of  movement  his  total 
reaction  was  supposed  to  be  devoid  of  movement  or  psychological 
excitation ;  yet  a  steady  focusing  upon  imaging  the  movement  was 
to  be  maintained.  In  strained  attention,  an  intensive  mental  set 
was  advised — complete  and  forceful  abandon  to  the  act  of  focus- 
ing on  the  imaged  movement  but  without  deliberate  tension  in 
the  muscle  group  involved.  It  required  practice,  several  minutes 
a  day  for  several  weeks,  for  .Vs  to  secure  this  differentiation  as 
part  of  their  reaction-pattern  to  this  particular  experimentation. 
To  secure  a  better  preparation  and  orientation,  relaxation  also 
was  practiced. 

Jacohson  (12,  13)  found  in  93  per  cent  of  tests  on  imaging 
weight-lifting  by  the  upper  arm  an  average  increase  of  electrical 
potential  to  the  extent  of  2)2  microvolts,  nine  microvolts  being 
observed  in  control  cases.  The  extent  was  50  to  83  microvolts 
with  prolonged  imaging.  An  amplifier-string  galvanometer  sys- 
tem was  used.  The  electrodes  were  six  to  eight  cm.  apart.  Jacob- 
son  measured  the  amplitude  of  the  action  currents  in  microvolts, 
but  not  the  frequency  with  which  they  occurred,  for  his  photo- 
graphic arrangement  was  too  slow  to  record  frequency  accurately 
(his  time  unit  being  1/5  sec).  For  two  reasons  we  have 
recorded  the  frequency  without  regard  to  amplitude  or  micro- 
voltage.  In  the  first  place,  although  the  operation  of  the  all-or- 
none  law  theoretically  should  make  the  discharges  of  equal 
amplitude,  an  unequal  distance  from  the  electrodes  of  the  dis- 
charging muscle  units  from  person  to  person  or  in  the  same 
person  at  different  times  makes  the  amplitudes  of  the  discharges 
unequal.     Not  much  would  be  gained  by  averaging  the  micro- 
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voltaijes.  for  our  aim  mainly  is  to  invcstij:atc  what  is  happening; 
in  a  s]»c-cially  localized  area  with  which  the  needle  electrodes  are 
in  contact. 

in  the  second  ])lace.  onr  ami)lifyini;  system,  thonj^di  re,t,nsterin^ 
the  occurrence  of  low -frecpiency  dischari^es  wh(>se  harmonics  fall 
within  its  limited  rani^^e.  is  nnreliahle  as  to  amplitude  measure- 
ments of  fre(|uencies  whose  fun.damentals  fall  outside  tliis  range. 
Ohviously.  the  low  frecjuency  discharire  of  the  single  motor  units 
\\f  foimd  in  our  investigation  is  rich  in  harmonics. 

.S'  la\  relaxed  on  the  C(»t  with  liis  outstretched  arm  stra]>ped  to 
the  radius-hoard.  This  was  intended  to  control  his  gross  overt 
movement,  which  innnediately  would  he  shown  hy  a  hreak  signal 
at  the  0'^  mark.  For  a  clieck  on  fine  movements  of  his  l)ice])s, 
a  thin.  stifT  wire,  with  one  end  tajied  to  the  hicei>s  and  loojjcd 
three  inches  from  that  end  around  a  hrmly  mdunted  jjolished  nail 
which  acted  as  a  fulcrum,  was  extended  21  in.  so  that  movement 
of  the  tip  gave  seven-fold  m:)gnilicatioii  of  any  tine  movement 
taking  place  in  the  muscle.  This  lever  system  was  used  with 
several  .Vs.  near  the  end  of  the  stud\'.  llie  long  end  of  the  free 
lever-arm  was  constantly  watched  for  any  extraneous  movement 
other  than  the  rhvthmic  ones  in  hreathing.  heartheat.  and  tremor. 
The  lahoratory  was  a.--  (piiet  as  ])ossihle.  Instructions  like  the 
following  were  given  for  three  se])arate  occasions  after  a  1  min. 
period  of  relaxation : 

"  Rcla.x  as  imich  a.'-  ymi  can.  Willi  eyes  cKistd  tliiiik  df  the  biccjis  of  your 
rijilit  arm.  I'ay  (inict  altinlicii  to  its  visual  iinaj-f.  .^s  you  visualize,  kee]) 
]Krfectly  relaxed." 

"  Kelax  as  nnieli  as  ycm  can.  With  eyes  cldsed.  (|nut]\  think  of  ninvini;  uj) 
ytnir  ri.yht  arm  a.uainst  a  Id  Ih.  wei.ulit.  l'a\'  (|niet  attenlmn  l<i  this  imaije  of 
nH>\'ement  a.uainst  wei.uht   hut   tr_\'  to  he    ]icrftctl\'   relaxed." 

"  Relax  as  much  as  ym:  can.  lint  this  time  with  eyes  closed  think  in  a  very 
Dilcnt  iiunuicr  of  movinji  up  your  ri.uht  arm  a.^ainst  a  10  lb  wei.i^ht.  Pay 
^trained  attention  to  this  ima^e  of  UK.ven.ient  a^-ainst  wei.uht,  hut  do  not  try  to 
make  any  deliherate  mo\cment. 

Diu'ing  the  ex])eriment,  /:  listened  on  tlie  earjihones  to  detect 
discharges  in  either  the  hiceps  or  trice]>s  and  an  assistant  turned 
the  camera  immediately  at  the  silent  signal  to  photograph  the  dis- 
charges.     Many  ohservations  also   were  made   without   photog- 


SPEED   OF  MOJ'EMEXT  AXD  LATENCY  161 

raphy.     Electrodes  were  eight  to   16  mm.   apart.      Occasionally 
long  records  were  taken  from  the  .Vs. 

On  no  occasion  was  the  arm-lever  seen  to  make  any  extraneous 
movement  except  once  when  the  arm  made  an  overt  movement, 
breaking  the  signal.  This  record  was  rejected.  No  determinable 
action  current  discharge  was  heard  or  photographed  from  the 
right  biceps  of  three  .Vs  for  3  min.  or  over  during  attention  to  a 
visual  image  of  it  (plain  visualization).  This  is  on  the  basis  of 
six  records  and  many  observations,  and  within  the  sensitivity  of 
the  amplifying  system. 

Action  currents  were  heard  and  photographed  from  the  right 
biceps  of  four  .Vs  (  \'B,  AM,  NK,  AH)  during  quiet  attention  of 
three  minutes  or  over  to  the  imaged  movement  of  the  arm  (quiet 
kinaesthetic  attention).  From  four  other  5s  (DM,  SPB,  BKB, 
GE)  no  determinable  action  currents  were  noted  under  the  same 
condition.  Out  of  25  records,  15  were  positive  (60  per  cent)  and 
10  negative  (40  per  cent),  an  unequal  number  of  records  being 
taken  from  the  6's. 

Strained  or  intent  attention  to  the  imaged  movement  of  the 
arm  (strained  kinresthetic  attention)  gave  action  current  dis- 
charges in  six  .Ss  (VB,  DM,  GE,  AH,  XK,  BKB).  No  action 
currents  were  noticed  in  AM  and  SPB.  under  apparently  the 
same  conditions.  Out  of  41  records.  36  were  positive  (88  per 
cent )  and  five  negative  (  12  per  cent ). 

Action  current  discharges  were  observed  to  consist  of  three 
patterns:  (1)  single  motor  unit  discharges  with  a  frequency  of 
seven  to  18  per  second,  varying  with  the  individual ;  (2)  grouped 
discharges  of  double  or  more  motor  units  with  one  or  more  single 
motor  units  discharging  in  between  and  having  a  frequency  of 
10  to  20  per  second;  and  (3)  irregular  discharges. 

VB  had  the  single  motor  unit  pattern  in  quiet  kinaesthetic 
attention  (9  per  sec.)  and  either  retained  in  strained  kinaesthetic 
attention  the  same  pattern  with  a  larger  frequency  (11  to 
13  per  sec.)  or  passed  on  to  the  grouped  discharge  pattern 
consisting  of  double  motor  units  (14—20  per  sec.)  (Fig.  16-HI ; 
18-ni).'^ 

AM  and  AH  had  the  grouped  discharge  pattern  of  many  motor 
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units  with  a  frequency  of  12  to  17  per  sec.  in  quiet  kinaes- 
thetic  attention  and  retained  the  same  pattern  with  a  larger  fre- 
quency, 14  to  20  [x^r  sec.  in  strained  kina^sthetic  attention  (except 
AM  who  showed  negative  results  in  the  latter,  Fig.  18-1). 
GE  also  had  the  same  pattern  in  quiet  and  strained  kina^sthetic 
attention.  Once  in  the  latter  instance  he  showed  single  motor 
unit  volleys,  as  DM  who,  however,  had  none  in  quiet  kinaesthetic 
attention.  A  clear  record  of  strained  kina^sthetic  attention  from 
AH  showed  a  sudden  beginning  of  grou|>ed  discharges  preceded 
by  a  long  absolute  quietness  on  the  line. 

NK  had  the  single  motor  unit  pattern  in  quiet  kin.-esthetic 
attention  with  a  frequency  of  about  13  to  14  per  sec.  at  the 
very  beginning.  He  then  devoleped  an  irregular  pattern  of  many 
low  amplitude  and  high  frequency  discharges  and  retained  it  right 
through  strained  kinsesthetic  attention  (Fig.  17-1,  II,  III). 

BKB,  who  had  no  discharge  in  quiet  kinaesthetic  attention,  had 
only  a  single  motor  unit  pattern  in  strained  kinsesthetic  attention 
with  a  frequency  of  7  to  10  per  sec.  That  was  true  also  of 
DM  who  had,  however,  a  greater  frequency,  12  to  18  per  sec. 

Attention  periods  were  interspersed  with  short  relaxation 
periods  and  several  records  were  taken  from  each  .9  to  insure 
these  patterns. 

It  took  from  15  sec.  to  4  min.,  more  often  3  min.,  before  the 
motor  units  discharged  after  instruction  to  attend  was  given. 
This  may  be  called  attention  latency,  in  terms  of  action  currents. 

Fig.  18-11 1  is  a  clear  picture  showing  the  addition  of  single 
motor  units  as  the  strained  kinesthetic  attention  was  just  starting. 
These  single  motor  units  can  be  identified  by  their  form. 

In  every  case,  with  both  forms  of  attention  (quiet  or  strained), 
a  verbal  instruction  '  stop  thinking  '  or  '  stop  attending  '  or  '  relax  ' 
resulted  within  about  a  second  in  lessening  of  the  speed  of  single 
motor  unit  discharges,  and  in  the  case  of  grouped  discharges, 
in  the  dropping  out  of  extra  units  before  complete  cessation  of 
discharges  (Fig.  19-1  and  I  cont'd).  Sometimes  this  dropping 
out  process  required  a  longer  time  (AH). 

In  VB  and  BKB.  very  slow  discharges  were  found  near  the 
cessation  of   attention;  the   slowest  were    from  BKB,   210  ms. 
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right  hand,  or  actual  tension  of  neck  muscles  or  closing  of  right 
hand. 

It  has  not  been  possible  consistently  to  relate  attention  and 
imaging  to  a  particular  action  current  pattern,  probably  because 
of  the  presence  of  the  unknown  variable,  namely,  the  degree  to 
which  the  S  was  or  was  not  differentiating  between  kinds  of  atten- 
tion and  imaging  in  successive  experiments.  Here  an  introspective 
report  and  correction  at  any  sitting  would  have  been  of  little  use, 
since  the  slightest  undetectable  psychological  change  might  have 
changed  the  physiological  reaction  to  above  or  below  its  respective 
effective  level. 

Although  the  kind  of  attention  and  imaging  could  not  be 
correlated  consistently  with  action  current  pattern  in  the  few  cases 
studied,  S  and  action  current  pattern  were  related,  at  least  to  a 
degree.  What  is  meant  is  that  although  each  S  may  have  started 
with  a  different  pattern  ( single  motor  units  or  grouped  discharge 
patterns),  at  a  later  stage  of  attention  (quiet  or  strained),  he 
continued  or  developed  his  own  pattern  and  adhered  to  it  until 
asked  to  stop  attending.  That  is.  he  developed  grouped  dis- 
charges with  double  motor  units  in  them  (  \'B )  or  grouped  dis- 
charges with  many  more  units  (AM,  AH,  GE)  or  continued  his 
own  single  motor  unit  pattern  (BKB).  In  the  rising  degree  of 
attention,  quiet  to  strained,  there  was  always  a  consistency  or  a 
consistent  change  in  pattern,  and  no  reversal  (except  once  in  GE, 
which  may  have  been  due  to  the  reasons  pointed  out  in  the  last 
paragraph ) . 

This  experiment  does  not  seek  to  prove  or  disprove  the  ntotor 
theory  of  consciousness.  It  only  calls  attention  to  the  fact  that 
specific  attention  to  the  imaged  movement  of  a  body  part  causes 
neuromuscular  changes  that  are  similar,  in  fundamental  mani- 
festation, to  the  changes  involved  in  the  actual  movement  of  the 
same  part.  It  has  been  pointed  out  by  Adrian  (2)  and  others 
that  minimal  voluntary  movement  is  dependent  upon  a  certain 
frequency  of  nerve  impulses  (as  low  as  6  per  sec.)  causing 
negative  variation  in  the  muscle  fibers.  Increased  movement 
depends  upon  greater  frequency  of  nerve  impulses  (up  to  50  per 
sec.  and  more)  and  greater  addition  of  motor  units.     That  is  the 
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situation  in  dur  exi>eriment.  Althoiif^rh  there  was  no  overt  move- 
ment, there  was  no  questionin*:;  the  existence  of  incipient  tension 
during  attention;  and  it  ])roduced  noticeable  neuromuscular 
changes.  Whether  or  not  (|uiet  attention  produces  detectable 
tension  is  not  settled.  Some  -Vs  have  not  manifested  it.  Whether 
that  is  due  to  an  ability  to  chfferentiate  from  strained  attention 
which  is  i)Ossessed  to  a  greater  degree  by  some  than  bv  others, 
or  to  a  falling  back  on  visualization  where  no  change  has  been 
found,  or  to  less  disturbance  of  neuromuscular  e(|uilibrium,  or 
to  lack  of  sensitivity  of  the  instruments  here  used,  can  not  be 
ascertained.  However,  the  relative  results  can  be  studied.  Allow- 
ing for  photographic  delays  at  times  to  catch  the  hrst  or  middle 
I>ortion  of  attention  records,  the  dommant  i)attern  for  strained 
attention,  seen  time  and  again,  can  be  laid  down  for  each  .S"  with 
fair  certainty — single  motor  unit  discharges  from  BKP)  and  DM, 
grouped  discharges  of  two  motor  units  from  VB.  grouped  dis- 
chargees of  many  units  from  AH.  AM.  and  ])robably  GE,  with 
single  or  more  motor  units  intervenmg.  and  irregular  discharges 
from  NK.  Whether  this  implies  a  differential  neuromuscular 
functioning  at  a  certain  minimal  level  for  different  individuals  is 
a  matter  of  speculation  at  this  ])oint  or  research. 

Post-relaxation  latency  in  7'ohintary  ino7rnient.  The  effect 
of  relaxation  on  tonus  was  investigated  from  both  a  clinical 
and  an  experimental  angle  by  Jacohson  (14).  He  found  that  the 
knee  jerk  and  flexion  reflex  were  decreased  through  relaxation, 
and  he  attributed  this  decrease  to  the  decrease  of  tonus.  Our 
aim  here  was  to  obtain  a  measurement  of  relaxation-tonus  in 
terms  of  action  current  latency  in  movement  immediately  follow- 
ing relaxation.  This  re])resents  only  a  preliminary  approach  to 
the  study,  based  on  a  few  .Vs.  I'he  initial  training  period  in 
relaxation  was  not  as  intensive  as  could  have  been  desired,  and 
limited  only  to  several  weeks  in  all  cases  except  one.  Hence  the 
results  are  tentative.  For  their  daily  practice  the  .S"s  were  in- 
structed to  lie  down  as  comfortably  as  they  could  on  a  bed  or  a 
reclining  chair  and  '  let  go  '  all  the  body  parts,  then  (piietly  to 
attend  to  each  ])art  from  head  to  foot  and  make  it  as  limp  as  pos- 
si})le.     The\'  were  asked  then  to  withdraw  their  attention    from 
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their  body  parts,  and  from  sensory  or  imaginal  specificities, 
i.e.,  sensation  or  weight,  pressure  of  the  cot  against  the  body, 
visual,  kinassthetic  or  memory  images,  etc.,  and  to  sHp  gradually 
into  the  passivity  of  sleep  w^ithout  actually  falling  asleep.  They 
were  to  keep  instead  a  sense  of  general  azvareness,  a  quiet  minimal 
attention  to  nothing  in  particular  but  to  the  field  of  diffused  con- 
sciousness. In  this  respect  we  differ  from  Jocobson,  who  does 
not  use  the  attention  factor  as  such  beyond  a  certain  point  in  the 
practice,  whereas  in  our  method,  attention,  at  least  in  its  quiet, 
minimal,  and  non-specific  form,  is  retained  throughout.  Further, 
the  end  product  of  Jaeobson's  relaxation  is  usually  sleep,  whereas 
our  method  seeks  an  end  product  distinct  from  sleep.  The  reason 
for  this  difference  is  that  we  wanted  (1)  to  measure  the  effect 
of  relaxation  and  not  of  sleep,  (2)  to  control  the  psychological 
factor  as  far  as  possible.  Whether  the  psychological  factor  is 
useful  in  bringing  about  better  relaxation  is  out  of  the  province 
of  this  study. 

The  laboratory  was  practically  noiseless.  The  electrodes  were 
in  the  biceps  and  triceps.  S  lay  with  his  arm  strapped  to  the 
radius-board  and  followed  the  regime  of  relaxation.  A  minimum 
period  of  12  min.  and  a  maximum  period  of  30  min.  were  allowed 
for  an  S.  E  and  his  helper  either  stayed  inside  the  room  without 
making  any  sound  or  stepped  out  and  came  in  noiselessly  at  the 
end  of  the  period  of  relaxation  to  get  everything  ready.  S  was 
given  only  an  audible  signal  '  ready  ',  at  which  he  moved  his  arm 
up  on  the  arm-arc  at  any  time  and  at  any  speed  he  chose  (prefer- 
ably medium  or  slow),  without  being  over-anxious  in  any  way. 
Immediately  before  the  ready  signal  was  given  the  camera  was 
started  and  kept  turning  so  as  to  be  able  to  catch  the  first,  most 
important  movement  of  the  arm  of  .S'.  Only  a  few  successes 
were  attained  after  a  great  many  failures  due  to  short-photograph- 
ing, slow-photographing,  delays,  confessed  inability  of  ^s  to  relax 
because  of  too  many  extraneous  thoughts,  because  of  the  labora- 
tory conditions,  or  mild  excitement  directly  preceding  the  move- 
ment.    Two  or  three  successive  records  were  taken  from  each  S. 

For  the  first  movement  of  the  forearm  after  relaxation,  the 
latency  was  found  to  be  comparatively  great.     To  correctly  inter- 
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prct  this  latcncN'  we  noted  the  speed  at  wliich  it  o-.-curred  i)etvveeii 
0  and  1  and  C()nii)ared  it  with  the  hitenc}'  at  tlie  same  or 
ai>pro.\iniatel\'  the  same  s[)eed  in  normal  series  of  movements. 
This  latency  norm  was  ohtained  either  by  averaj^ing'  several  hiten- 
cies  at  approximately  the  speed  for  which  we  were  seeking  a 
norm,  or  if  that  was  not  pcjssihle,  l^y  finding  the  latency  ordinate 
on  the  known  speed  from  a  graph  |)repared  to  indicate  a  general 
straight  line  relationship  between  \'s  normal  speed  and  latency. 
'Idle  ideal  method  would  have  been  to  rise  a  regression  ecpiation 
but  that  would  not  l)e  justifiable  unless  we  had  many  more  records 
from  each  .V.  We  then  obtained  a  ratio  between  that  normal 
latencx  and  s])eed.  We  also  obtained  a  '  relaxation  ratio  '  between 
the  increased  latenc\'  after  relaxation  and  the  same  speed,  and 
compared  the  two  ratios. 

'r.vBiK  XIII.     Ixt'UinUion  villi)  as  CKinf^drrd  jcilli  iiornuil  ralio  hcticci'ii 
sf'ccd  of  iiKK'ein-.-iit  aii:l  lau'iicy 

Normal  Rela.xation  Normal  Relaxation 

Subject  latency /speed      latency  speed  rati<j  ratio 

1  250  OOP  1.83  4.41 
130  130 

2  330  505_  1.4()  2.23 
22<)  22() 

3  230  411  !.<%  3.34 
123  123 

4  J50  305  .54  1. 10 

275'  275 

5  not  available  234  2.78 

^S4~' 

i'^-om  Table  XI  11  it  is  clear  th.at  in  the  few  readable  records 
relaxation  increased  the  latenc\'  ot  the  first  m<<vement  twD  to 
three  times  o\er  the  normal.  There  was  a  case,  not  recorded, 
where  no  dirference  was  foimd.  This  probably  can  be  explained 
on  the  basis  of  distm'bing  conditions  .-uid  conse([Uent  faihu'e  to 
relax.  In  the  three  -S"s  from  whom  we  liave  good  records,  the  sec- 
ond mo\-enu'nt  after  relaxation  ga\e  only  a  slightly  increased 
latenc\-  compared  with  normal  at  about  tlu'  saine  speed,  and  the 
third  mo\ement  was  about  tlu'  same  as  norm.al.  Tliese  decreasing 
latencies  m;ike  the  loni-  !atenc\  of  the  tirst  movement  meaninglul; 
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they  are  an  indication  of  gradual  disappearance  of  the  neuro- 
muscular condition  produced  by  relaxation.  To  interpret  the 
long  latency  of  the  first  movement,  relaxation  causes  reduction 
of  the  tonicity  of  muscle  fibers.  In  doing  any  muscle  work 
against  weight  and  gravity  they  are  much  slower  and  more  asyn- 
chronous in  their  action  than  when  normal,  prolonging  their 
electrical  activity  before  output  in  work  is  possible.  Whether  any 
other  method  of  relaxation  would  have  produced  the  same  result 
or  whether  this  long  asynchronous  activity  of  the  muscle  fibers 
immediately  following  relaxation  is  a  prelude  to  a  more  organized 
and  possibly  more  healthful  activity  in  daily  work  is  beyond  the 
scojie  of  this  investigation. 

IV.  Sitijuiiary  and  conclusions.  This  study  was  set  up  to 
investigate  the  relationships  between  physiological  and  psycho- 
logical processes. 

1.  The  relationship  between  speed  of  voluntary  movement  of 
the  forearm  and  action  current  latency  for  the  biceps  or  its  lead- 
ing head  was  investigated  under  various  conditions,  i.e.,  against 
gravity,  with  gravity,  and  in  horizontal  action  (clockwise  and 
counter-clockwise).  It  was  found,  in  general,  that  the  faster  is 
the  speed  of  movement,  the  shorter  is  the  latency,  and  up  to  a 
certain  point,  the  slower  the  speed  the  longer  the  latency.  The 
correlation  was  .62 13;. 02.  The  highest  individual  correlation 
was  .92 ±.01.  Greater  synchronization  of  muscle  fibers  in  fast 
muscle-work  and  its  relative  absence  in  slow  m.uscle-work  was 
ofifered  as  an  interpretation  of  this  result.  The  relationship 
between  the  mental  set  to  execute  various  speeds  and  the  physio- 
logical phenomena  in  the  form  of  respective  latencies  was  pointed 
out. 

2.  In  the  so-called  reciprocal  innervation  of  antagonistic 
muscles  it  was  found  that  when  the  agonist  acted  against  gravity 
and  friction  the  antagonist  did  not  relax  but  co-operated,  with 
a  lag  of  35  ms.  in  fast  speed  (20  to  59  ms.  per  degree),  67  ms. 
in  medium  speed  (60  to  99  ms.  j>er  degree),  and  90  to  200  ms. 
in  slow  speed  (100  to  299  ms.  per  degree).  There  also  was  a 
synergic  action  between  the  antagonists  in  horizontal  clockwise 
and  counter-clockwise  movement,  in  15  to  100  per  cent  of  cases 
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within  a  certain  speed  ran<j;e,  with  fewer  motor  units  involved 
than  in  the  case  of  anti-s;ravity  movement.  It  was  concluded 
that  in  the  vohmtary  movement  of  the  forearm  of  an  intact 
organism  tliere  was  no  ahsohite  reciiirocal  inner\ation,  or  abso- 
hite  co-contraction  or  simuUaneous  innervation.  Rather,  there  is 
co-operative  innervation  with  a  temporal  lai;  and  differential 
intensity  on  the  i)art  of  the  non-leading  member  of  antagonistic 
muscle  groujjs,  depending  upon  the  s])eed  at  which  the  postural 
changes  are  made  in  response  to  environmental  demands. 

3.  The  two  heads  of  the  biceps  were  not  innervated  simultane- 
ously in  movement  against  gravity.  The  physiological  motor 
point  of  the  long  head  of  the  biceps  was  found  always  to  have  a 
temporal  lead  over  a  non-motor  jioint  of  the  same  head,  and  in 
many  cases  over  the  motor  point  of  the  short  lead.  Ihe  latter 
finding  was  thought  to  be  due  either  to  the  fact  that  stinuilable 
and  }>hysiological  motor  points  were  not  the  same  or  that  there 
was  an  inherent  physiological  bias  in  the  long  head  under  this 
condition  of  movement.  Ninety-one  per  cent  of  simultaneous  dis- 
charges came  from  the  long  head  when  the  electrodes  were  sup- 
posedly in  the  same  motor  unit  or  within  the  same  functional 
zone  of  two  adjacent  motor  units.  The  increased  length  of  the 
lead  in  slow  s])eed  and  its  great  varial)ility  were  attributed  res])ec- 
tively  to  asynchronous  action  of  motor  units  in  slow  speed,  and  to 
the  temporal  non-specificity  of  their  discharge  in  the  innervation 
of  a  large  muscle  grouj). 

4.  Discharges  in  jiassive  movement  were  investigated  in  rela- 
tion to  s])eed,  rest,  ha1)ituation,  and  a  short  ])ause.  one  to  two 
seconds.  'J^he  discharges  came  oftener  in  fast  than  in  slow  speed, 
although  such  was  not  always  the  case,  since  habituation  trials 
and  short  ])auses  (2  sec.)  had  a  (piieting  effect  on  them  even  at 
the  fastest  si>eed.  I'sychological  dissociation  from  the  act  of 
moveiuent,  and  general  relaxation  were  thought  to  mulerlie  this 
(juieting  effect.  Passive  movement  after  a  three-minute  rest 
often  increased  action  cm'rents.     This  ])ossibly  was  due  to  startle. 

5.  "J'here  were  three  patterns  of  discharges  in  strained  atten- 
tion to  imaged  movement:  single  motor  unit  discharges  with  a 
fre(|uency   of   7   to    10  per   sec,   grouped   discharges   of   double 
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motor  units,  14  to  20  per  sec,  or  of  many  units,  with  single 
motor  units  intervening,  and  irregular  high  frequency  discharges. 
There  was  a  tendency  for  5s  to  adhere  to  their  own  patterns, 
suggesting  possibly  a  differential  neuromuscular  functioning  at 
a  minimal  level.  In  only  60  per  cent  of  cases  were  there  dis- 
charges during  quiet  attention  to  imaged  movement.  There  were 
no  determinable  action  currents  in  plain  visualization. 

6.  Voluntary  movement  against  gravity  after  12  to  30  min. 
of  relaxation  increased  the  latency  from  two  to  three  times  over 
normal.  This  was  explained  as  an  effect  of  the  greater  asynchron- 
ousness  of  discharge  due  to  the  reduction  of  the  tonicity  of  the 
muscle  fibers. 
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AN  ACTION   CURRENT   STUDY   OF  THE 
CONDITIONED  HAND  WITHDRAWAL 

by 

Arnold  Henry  Hilden 

7.  Jutrodnction.  One  of  the  fundamental  tools  used  in  the 
investigation  of  psychological  problems  is  the  conditioned  re- 
sponse. Of  the  conditioned  responses  available,  the  conditioned 
hand  withdrawal  seems  to  be  as  widely  used  as  any.  This  is  due 
to  its  relative  accessibility  and  the  ease  with  which  it  is  con- 
ditioned. Unfortunately,  a  great  many  criticisms  have  been 
directed  against  its  validity,  and  many  psychologists  have  refused 
to  consider  it  a  true  conditioned  response,  since  it  is  too  subject 
to  voluntary  control.  There  is  need  for  an  investigation  which 
would  seek  to  determine  its  characteristics,  and  differentiate  it 
from  the  voluntary  act  in  the  usual  reaction-time  situation. 

The  conditioned  withdrawal  response  was  the  basic  procedure 
used  by  Bcktcrci'  (4).  Earlier  experiments  in  his  laboratory 
involved  shock  to  the  foot.  Later,  shock  was  given  to  the  hand 
instead  of  the  foot  (  6  ).  "  With  human  subjects  the  shock  usually 
has  been  delivered  to  the  end  of  one  or  more  of  the  fingers.  The 
heel  of  the  hand  rests  on  a  board  electrode,  and  the  tip  of  the 
finger  on  another"  (4).  The  usual  recording  device  was  that 
invented  by  Watson.  A  tambour  recording  arrangement  gives  a 
graphic  record  of  the  finger  movement.  This  general  procedure 
has  been  used  by  Hamel,  Scott,  JVolfle,  Shipley,  Garvey,  Switzer, 
and  others.  For  these  details  the  reader  is  referred  to  Hull's  (4), 
excellent  survey  of  the  field  of  the  conditioned  response. 
■  '  One  of  the  few  analytic  studies  of  the  conditioned  hand  with- 
drawal response  was  made  by  Hamel  Ci-).  Because  some  ^^s 
responded  before  the  conditioned  stimulus  was  given  while  others 
showed  very  long  response  latencies,  he  used  the  mode  to  express 
the  central  tendencies  of  these  latencies.     For  all  .9s  the  mode  fell 
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between  150  and  200  ms.  In  discrimination  reactions  (between 
the  sounds  of  a  bell  and  a  hammer  stroke),  the  voluntary  response 
latencies  fell  within  the  same  range.  The  reflex  latencies  to  shock 
were  shorter,  varying  around  a  mean  oi  100  ms.  Hauiel's  results 
appear  to  be  the  only  data  reported  on  the  response  latencies  of 
the  conditioned  finger  withdrawal.  The  other  studies  involving 
this  subject  need  not  be  reviewed  here. 

The  present  stud\'  was  lormulated  as  an  attempt  to  investigate 
the  development  of  the  conditioned  hand  withdrawal,  by  means 
of  the  action  current  techni(pie.  This  techniciue  makes  it  possible, 
during  the  development  of  a  conchtioned  motor  response,  to 
record  the  very  slight  muscular  contractions  that  precede  the  overt 
movement  of  the  hand.  It  likewise  shows  the  reverse  process 
during  experimental  extinction.  In  addition,  it  possesses  the 
advantage  of  recording  with  exactitude  the  response  latencies, 
in  terms  of  both  action  currents  and  overt  movement. 

The  following  [)roblems  were  set  \\\)  for  investigation: 
(1)  the  development  and  extinction  of  the  conditioned  response, 
in  terms  of  magnitude  of  action  currents,  action  current  latencies, 
overt  movement  latencies,  and  the  interval  between  the  initiation 
of  the  action  current  and  the  initiation  of  the  overt  res]>onse 
(action  cm-rent-overt  response  interval);  (1)  dift'erentiation 
between  the  conditioned  and  the  voluntary  response  in  terms  of 
develojnnent  and  extinction,  res])onse  latencies,  the  action  current- 
overt  response  interval,  and  subjective  report;  (3)  differences  in 
the  res]K)nses  of  the  two  hands  when  simultaneously  conditioned, 
as  related  to  the  handedness  of  .S',  these  differences  to  be  expressed 
in  terms  of  action  current  latencies,  overt  movement  latencies, 
action  current-overt  res])onse  interval,  and  the  frequency  with 
which  the  jireferred  and  non-jjreferred  hand  led. 

//.  Apparatus  atid  procedure.  S  was  seated  in  a  chair  having 
arm  rests  wide  enough  for  the  arms  to  rest  naturally  (Fig.  1). 
A  pad  of  gauze  moistened  with  saturated  salt  solution  was  placed 
on  the  inner  side  of  the  wrist.  Over  this,  and  encircling  the 
wrist,  was  fastened  a  band  of  flexible,  tinned-brass  braiding,  one 
inch  in  width.  This  served  as  the  diffuse  shock-electrode.  The 
concentrated    shock-electrode    was    placed    near    the    ti|>    of    the 
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middle  finger.  It  consisted  of  a  round,  flat  disc  of  copper,  7  mm. 
in  diameter  and  1  mm.  thick,  fastened  to  the  finger  with  adhesive 
tape.  Thus  S  could  not  in  any  way  avoid  the  shock,  whether  he 
withdrew  prematurely  or  not.     These  electrodes  were  connected 


Fig.  1.     v9  in  readiness  for  the  expenniLiit. 


Fig.  2.  Pendulum  for  controlling  the  time  intervals  between  light  and 
shock.  Operation  of  the  double-circuit  key  switch  ( 1 )  closes  the  light 
circuit  and  releases  the  pendulum,  which  breaks  the  light  circuit  at  the 
upper  trip-switch  (2)  and  closes  the  shock  circuit  at  the  lower  trip- 
switch  (3). 
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across  a  variable  condenser,  which  deHvered  a  single  shock  of  any 
desired  intensity,  from  sub-threshold  strength  to  more  than  any 
.S^  could  endure.  A  wide  band  of  cloth  encircling  the  arm  of  the 
chair  and  the  arm  of  .V  at  or  proximal  to  the  wrist  served  to 
prevent  the  whole  arm  from  moving  when  stimulated.  This  was 
done  to  make  certain  that  the  movement  resulting  from  stimula- 
tion was  effected  by  the  same  muscle  grou])s  throughout  the 
series.     The  jjrocedure  was  the  same  for  both  hands.     The  cir- 


TO  OSCILLOGRAPH 


FiCr.  3.  A  wiring  diagram  uf  a  vacmini  tiil.e  signal  circuit.  Ki=one 
megohm;  I\, =2(1(1  ohm  potentiometer  for  control  of  signal  deflection; 
R3i=25  ohm  rheostat ;  Biz=3-volt  .\-t)attery :  B.=9(l-volt  B-battery ; 
Sw.  =  s.p.s.t.  switch:  T=100-to-l  steji-dcjwn  transformer;  VTrrType  31 
or  Type  864  tube   (depending  on  the  form  of  deflection  desired,  see  text). 


cuits  to  the  two  hands  could  be  separately  controlled,  as  will  be 
described  later. 

The  recording  a])paratus  consisted  of  two  perfectly  matched, 
non-interfering,  three-stage  resistance-cou])led  amplifiers,  a  West- 
inghouse  oscillograph,  a  (ieneral  Ivadio  low  frequency,  type 
?>77-V)  oscillator,  and  two  signal  circuits.  'Iht  two  amplifying- 
recording  units  were  jjerfectly  matched;  e(|ual  in])Uts  gave  ecjual 
outputs.  A  detailed  description  of  the  ajjjiaratus  is  given  by 
Trains  and  Dorscy  (8).  The  a])paratus  used  here  differed  only 
with  resjKjct  to  the  signal  circuits. 

The  two  signal  circuits  (big.  3)  had  identical  hook-ups.  Each 
circuit  consisted  essentially  fjf  a  vacuum  tube  and  outjjut  trans- 
former so  arranged  that  making  or  breaking  the  input  circuit 
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caused  a  variation  in  the  plate  current.  This  variation  was  trans- 
ferred to  the  oscillograph  element  by  means  of  the  output  trans- 
former. The  magnitude  of  the  current  flowing  through  the  input 
circuit  before  the  contact  was  broken  was  of  the  order  of  one 
microampere. 

The  secondaries  of  the  two  output  transformers  were  con- 
nected in  series  across  the  oscillograph  element.  Differentiation 
of  the  response  from  the  two  hands  was  effected  by  dissimilarity 
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Fig.    4.      Samples    of    records    of    action    currents,    overt    movement,    light 

stimulus  and  shock  stimulus. 

of  the  wave  forms  of  the  two  signal  circuits.  This  dissimilarity 
was  achieved  by  the  use  of  one  tube  havmg  a  high  and  another 
tube  having  a  low  plate  resistance.  The  former  was  used  in  the 
signal  circuit  for  the  right  hand  and  gave  a  sharp  deflection ; 
the  latter  was  used  for  the  left  hand  and  gave  a  shallower  deflec- 
tion. The  wave  forms  of  the  overt  responses  are  shown  in  Fig.  4. 
Provision  for  making  or  breaking  the  input  circuit  was  made 
in  the  following  manner.  A  rubber  glove  was  slipped  over  ^^'s 
hand  to  insulate  him  from  the  circuit.  A  short  piece  of  metal- 
conduit,  tinned-brass  braiding,  fashioned  to  resemble  the  finger- 
tip of  a  glove,  was  slipped  over  the  end  of  the  gloved  middle 
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finger.  On  the  arm  of  the  chair  was  placed  a  nietal  plate  of 
flattened,  tinned-brass  braiding.  The  finger  completed  the  input 
circuit  as  it  rested  on  the  braiding.  This  arrangement  was  chosen 
rather  than  telegraph  keys  upon  which  to  rest  the  fingers,  since 
the  latter  often  introduced  artifacts  due  to  difi^erences  in  spring 
tension. 

Responses  also  were  recorded  in  terms  of  action  currents  from 
the  extensor  digitoruni  communis  muscle.  Surface  electrodes 
were  used  for  recording,  each  pair  consisting  of  two  thin  brass 
strips  10  X  75  mm.,  6  mm.  apart,  covered  with  Canton  flannel 
saturated  with  concentrated  salt  solution.  The  electrodes  for 
each  arm  were  placed  the  same  distance  distal  to  the  lateral 
epicondyle,  usually  5  to  7  cm. 

The  stimulus  to  be  conditioned  was  a  brief  flash  of  light  from 
a  2.8-volt  focusing-type  flash-light  bulb.  This  flash  lasted  about 
100  ms.  and  preceded  the  shock  by  216±4  ms.  This  time  interval 
was  controlled  by  a  compound  pendulum  (Fig.  2).  The  pendu- 
lum was  held  in  place  by  an  electro-magnet,  and  was  released 
by  throwing  a  double-circuit  key  switch.  At  the  same  instant 
the  o])eration  of  this  switch  completed  the  circuit  for  the  light. 
When  the  jiendulum  had  fallen  for  100  ms.  it  struck  a  trip 
switch  which  broke  the  light  circuit.  At  the  bottom  of  the 
pendulum  swing,  another  trip  switch  was  struck  to  complete  the 
circuit  for  the  condenser  discharge  to  S. 

The  source  of  shock  was  a  variable  condenser  with  a  range 
of  .001  mfd  to  8  mfd,  charged  from  a  source  of  direct  current 
capable  of  sup])lying  any  voltage  from  0  to  300.  These  ranges 
represent  the  up'^]>er  and  lower  limits  of  shock  available.  A 
potentiometer  and  single-pole  double-throw  switch  j^iermitted 
adjustments  of  the  shocks  so  that  they  would  be  sensed  as  equal 
for  both  hands  at  any  strength  of  shock.  The  condenser  was 
charged  and  discharged  by  means  of  a  double-pole,  double-throw 
switch. 

S  was  in  a  separate,  light-proof,  semi-soundproof  room.  To 
eliminate  all  sound  clues,  water  was  permitted  to  run  from  a  water 
taj)  intr)  the  sink  in  the  experimental  room.  The  noise  thus  pro- 
duced covered  a  range  of  frequencies  wide  enough  to  mask  effec- 
tively all  noises  caused  by  the  apparatus  or  H. 
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Each  experimental  session  lasted  about  one  hour.  Great  care 
was  exercised  to  avoid  any  disturbances  of  the  action  current 
lines  due  to  tension  on  the  part  of  5.  To  determine  the  degree 
of  relaxation  of  vS"s  arms  E  listened  in  on  the  action  current 
circuits  during  the  entire  experiment. 

The  following  instructions  were  read  to  S : 

I  will  put  out  the  light  to  make  the  room  dark.  At  times  a  light  will  flash. 
The  intervals  between  these  flashes  of  light  will  vary  in  a  random  order.  You 
are  to  do  nothing  but  sit,  with  your  hands  resting  naturally  on  the  metal  plates. 

Records  were  taken  at  each  presentation  of  the  flash  of  light. 
The  purpose  of  this  series  was  to  test  ^'for  any  possible  tendency 
to  respond  to  the  light  alone. 

Then  the  following  instructions  were  read : 

This  time  you  are  to  sit  as  before,  with  both  hands  resting  on  the  metal 
plates.  The  light  will  flash  as  before.  On  the  first  flash,  raise  your  right  hand 
only ;  on  the  second  flash,  raise  your  left  hand  only :  on  the  third  flash  raise 
both  hands. 

Records  were  taken  at  each  presentation  of  the  light  for  the 
purpose  of  obtaining  a  record  of  the  response  of  each  hand  sepa- 
rately, to  insure  unquestioned  identification  of  the  responses  in 
the  records. 

Next  a  series  of  voluntary  reactions  were  recorded.  The  in- 
structions were  as  follows : 

Rest  your  hands  on  the  metal  plates.  There  will  be  no  shock  at  any  time. 
At  times  a  light  will  flash.  When  the  flash  appears,  raise  both  hands  quickly. 
Put  the  hands  back  in  place  again.  Keep  your  arms  as  relaxed  as  possible. 
Move  your  hands  only  when  the  light  flashes. 

Then  the  shocks  were  adjusted  so  as  to  be  sensed  as  equal  for 
the  two  hands.  They  were  first  given  at  sub-threshold  strength, 
then  gradually  increased.  6*  was  told  to  report  as  soon  as  any 
slight  shock  was  felt.  If  the  shock  was  sensed  in  only  one  hand, 
or  as  stronger  in  one  hand,  adjustments  were  made  with  the 
potentiometer  and  single-pole  double-throw  switch,  and  the  series 
was  again  given  from  sub-threshold  strength  to  the  point  of  per- 
ception of  shock.  This  was  repeated  until  the  shocks  appeared 
in  both  hands  at  the  same  point  in  the  series  and  were  sensed  as 
equal  for  the  two  hands.  Then  the  shocks  were  increased  in  equal 
steps  up  to  the  limit  of  ^^'s  tolerance,  i.i\.  as  great  as  he  could  be 
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persuaded  to  endure.  During  this  increase  S  was  instructed  to 
note  whether  the  shocks  still  were  felt  as  equal  in  both  hands. 
Subjective  equality  of  shocks  was  sought  because  of  the  possible 
effect  on  the  relative  latencies  of  the  two  hands.  The  fact  that 
the  right  hand  responded  first  consistently,  for  example,  might 
have  been  due  to  a  greater  shock  to  that  hand  rather  than  to  any 
phvsiological  factor  unless  the  shocks  were  so  controlled.  That 
is.  lead  of  response  may  have  been  a  function  of  the  relative 
strength  of  the  shock.  Objective  equality  of  shock,  as  measured 
bv  the  ammeter,  was  not  sought.  A  more  convenient  and  more 
justifiable  criterion  was  the  subjective  equality:  how  did  .S'  sense 
the  relative  strength  of  the  shocks  to  the  two  hands? 

When  the  shocks  thus  had  been  equated,  the  establishment  of 
the  conditioned  responses  was  begun.  The  following  instructions 
were  read : 

Rest  your  hands  naturally  on  the  metal  plates.  Relax  your  arms  throughout 
the  series.  At  times  a  light  will  flash.  Each  flash  will  be  followed  quickly  by 
a  shock  which  should  cause  your  hands  to  withdraw.  Whenever  your  hands 
move  put  them  back  on  the  metal  plates  and  wait  for  the  next  flash  of  light. 
Do  not  try  to  avoid  the  shock.  The  shock  will  cunic  no  matter  where  your 
hands  are. 

The  room  was  darkened,  the  door  closed,  and  the  water  ttn"nc(l 
on.  A  constant  interval  of  216  ms.  was  maintained  between  the 
light  and  the  shock.  The  paired  light-shock  stimuli  were  pre- 
sented at  intervals  of  10,  20.  30,  or  40  sec.  the  intervals  varying 
in  a  random  order.  .Vs  were  stimulated  until  conditioning  w^as 
established  or  tmtil  at  least  50  paired  stimuli  had  been  given. 
This  constituted  one  experimental  session. 

("onditioning  was  not  considered  established  unless  at  least 
five  consecutive  finger  withdrawals  occurred  to  light  alone.  This 
could  l)e  determined,  without  questioning  or  disturbing  .V  in  any 
wav.  l)v  means  of  the  ear  phones  connected  to  either  the  signal 
circuit  or  the  action  cm-rent  amplifier  auxiliary.  The  former 
indicated  overt  responses  in  either  hand;  the  latter  indicated  the 
presence  of  action  cm-rents.  Thus  /:  could  tell  whether  responses 
were  (occurring  in  terms  of  action  cm-rents  alone,  or  whether 
overt  resj)onses  were  accompanying  the  action  currents.  These 
devices  facilitated  the  procedure  by  enabling  him  to  know  what 
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was  occurring.  It  enabled  E  to  know  just  when  to  stop  the 
recording  for  each  separate  record,  and  when  to  stop  recording 
at  the  end  of  an  extinction  series. 

During  the  series  of  presentations  of  paired  stimuh,  occasional 
records  were  taken  when  the  light  alone  was  presented.  If  no 
responses  occurred,  the  dual  stimulation  was  continued.  When 
definite  overt  conditioned  responses  did  appear  for  five  consecu- 
tive times,  conditioning  was  established  further  by  presenting 
the  paired  stimuli  several  times.  A  continuous  series  of  records 
then  was  taken  of  responses  to  the  light  alone.  This  was  con- 
tinued not  only  to  the  point  where  overt  responses  dropped  out, 
but  to  the  point  where  even  the  action  current  responses  ceased, 
and  then  for  six  presentations  of  light  alone  beyond  that  point. 
This  was  done  to  make  sure  that  extinction  had  been  effected. 

Although  the  above  procedure  was  found  adequate  for  the 
investigation  of  most  of  the  problems  formulated,  it  was  found 
that  the  development  of  the  conditioned  response  could  not  be 
clearly  demonstrated  thereby.  Therefore,  it  was  necessary  to 
employ  a  supplementary  technique  which  varied  from  the  former 
only  in  that  an  interval  of  505  ±4  ms.  rather  than  of  216  ms. 
was  used.  This  longer  interval  between  the  light  and  shock 
was  chosen  in  order  to  get  a  picture  of  the  development  of 
the  conditioned  response  by  capitalizing  on  its  characteristics 
as  an  anticipatory  response.  To  do  this,  the  interval  between 
light  and  shock  had  to  be  lengthened  to  an  amount  greater  than 
the  latency  of  the  conditioned  response.  This  gave  the  early 
stages  of  the  conditioned  response  a  chance  to  reveal  themselves. 
Upon  repetition  of  paired  stimuli,  responses  began  to  appear 
during  the  interval  between  the  light  and  shock.  This  series 
necessitated  taking  a  record  at  each  presentation  of  the  stimuli. 
For  this  reason  Ss  chosen  for  this  series  were  those  who  had 
shown  themselves  to  be  conditionable.  Care  was  taken  not  to 
establish  the  conditioned  responses  too  rapidly. 

After  each  experimental  session  5"  was  given  the  following 
questionnaire  to  fill  out.  When  the  responses  had  been  written 
he  was  questioned  further  to  make  sure  that  he  had  understood 
the  questions  and  had  answered  them  correctly. 
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Questionnaire  yk'cn  to  the  subject  after  an  experimental  session 
]\ja,ne  Date  Handedness 

1.  Intensity  oi  tin.'  lij;lit  (Inring  shock   stimnlation   showed: 

a.  constancy 

b.  progressive  decrease  l 

c.  j)rogressive  increase 
(1.  irregular  variation 

2.  Intensity  of  the  Hght  during  extinction  showed: 

a.  constancy 

h.  progressive  decrease 

c.  i)rogressive  increase 

d.  irregular  variation 

3.  Strength  of  shocks  was: 

a.  e(|ual  for  both  hands 

1).  stronger  for  the  right  hand 

c.   stronger  for  the  left  hand 

4.  Reaction  towards  the  shocks  was: 

a.  indifference 

b.  uni)leasantness 

c.  anticipation 
(1.  fear 

c.   avoidance   (keeping  hands  raised) 

5.  Which  hand  responded  sooner  : 

a.  neither 

b.  the  right 

c.  the  left 

d.  uncertain 

6.  Whicli  hand  had  the  greater  response : 

a.  neither  jj 

b.  the  right  I 

c.  the  left  I 

d.  uncertain  j 

7.  Certainty  as  to  when  shocks  occurred  : 

a.  certainty 

b.  uncertainty  ' 

8.  ]\esponse  to  light  ak/ne  : 

a.  yes 

b.  no 

9.  Was  the  response  to  light  alone :  I 

a.  voluntary  J 

b.  involuntary 

10.  Attitude  following  response  to  light  alone: 

a.  surprise  'i 

b.  annisement 

c.  disgust 

(1.  neutrality 

11.  Resolve  not  to  respond  to  light  alone: 

a.  yes 

b.  no 
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12.  Success  of  this  resolve 

a.  yes 

b.  no 
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Table  I.     Number  of  Ss  ivith  zvhom  conditioning  zvas  attempted 
Handedness  Men  Women  Total 


Right 

15 

12 

27 

Left 

12 

8 

20 

Ambidextrous 

5 

4 

9 

Total 


32 


24 


56 


Table  II.     Number  of  Ss  conditioned 
Handedness  Men  Women 


Total 


15 


Total 


Right 

11 

3 

14 

Left 

2 

2 

4 

Ambidextrous 

2 

1 

3 

21 


///.  Subjects.  Fifty-six  ^'s,  ranging  in  age  from  20  to  38  yrs., 
were  studied.  Of  this  number  21  were  conditionable  accordiner 
to  the  criteria  set  up  in  this  study.  The  following  tables  sum- 
marize the  information  with  regard  to  the  ^'s. 

JP\  Results  and  discussion.  For  clearness  of  presentation, 
the  statement  of  results  will  follow  the  order  in  which  the  specific 
problems  were  stated  in  the  introduction. 

Characteristics  of  the  conditioned  hand  withdrawal  as  recorded 
by  the  action  current  technique.  The  type  of  records  obtained 
is  illustrated  in  Fig.  4.  The  upper  record  in  this  figure  is  that 
of  the  voluntary  response  to  the  light  stimulus.  The  first  half 
of  the  record  is  for  the  right  hand,  and  the  second  half  for  the 
left  hand.  It  may  be  noted  that  for  each  hand  the  action  cur- 
rents appeared  before  the  overt  movement.  In  the  record  for  the 
right  hand,  it  may  be  seen  that  small  action  currents  appeared  in 
the  left  forearm.  It  is  evident  that  the  overt  responses  of  the 
two  hands,  as  recorded  by  the  lowest  line  in  the  record,  easily  can 
be  distinguished  by  the  form  of  the  deflection,  the  right  hand 
deflection  being  much  sharper  than  the  left. 

In  the  second  record,  which  is  No.  1  of  the  series,  is  shown 
the  recording  of  the  light  stimulus,  and  of  a  mild  shock  to  S. 
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The  third  record  shows  the  resuk  of  a  sh^htly  stronger  shock, 
which  evoked  a  sHght  action  cnrrent  l)ut  no  overt  response.  In 
the  fourth  record,  the  shock  was  strong  enough  to  produce  an 
overt  response.  The  action  currents  and  overt  response  of  the 
left  hand  can  l)e  seen  to  precede  shghtly  those  of  the  right  hand. 

Before  giving  sanijile  records  iUustrating  the  actual  huilding 
up  of  a  conditioned  response,  it  would  seem  wise  to  state  the 
criteria  of  conditioning.  Decision  as  to  whether  a  S  has  been 
conditioned  or  not  necessarily  must  be  somewhat  arbitrary.  Con- 
ditioning usually  has  been  defined  in  terms  of  a  minimum  number 
of  consecutive  conditioned  resjjonses.  Some  writers  have  made 
three  the  re(|uired  number,  but  classification  would  differ  with 
the  method  of  recording  responses.  Action  current  records  often 
showed  responses  when  overt  responses  were  absent,  or  even  when 
S  thought  he  was  no  longer  responding,  at  the  end  of  an  extinc- 
tion series.  That  is.  he  was  definitely  responding  in  terms  of 
action  currents,  when  no  overt  response  or  subjective  awareness 
of  reaction  was  present.  In  this  experiment,  a  conditioned  re- 
sponse was  not  considered  thoroughly  established  until  five 
consecutive  resjionses  to  light  alone  were  obtained. 

Heretofore  the  recording  of  the  conditioned  hand  withdrawal 
has  been  in  terms  of  overt  response.  It  was  either  i>resent  or 
ab.sent,  and  what  occurred  with  respect  to  muscle  action  in  the 
absence  of  overt  response  could  only  be  guessed.  Since  it  was 
unlikely  that  all  the  motor  units  of  a  muscle  were  simultaneously 
involved  when  the  overt  resjjonse  first  ajipeared  in  the  process  of 
establishing  the  conditioned  response,  or  that  they  ceased  func- 
tioning immediately  upon  extinction  of  the  overt  response,  the 
assumption  was  that  some  gradation  was  present  in  the  degree  of 
contraction.  The  truth  of  such  a  supj)osition  could  be  shown  by 
means  of  the  action  current  technicpie. 

While  all  of  the  exjjloratory  work  and  most  of  the  exjx?ri- 
mental  results  obtained  on  extinction  were  done  with  an  interval 
of  216  ms.  this  interval  could  not  be  used  for  the  study  of 
the  development  of  the  conditioned  resi>onse.  The  time  inter- 
val was  changed  to  that  of  505  ms.  which  is  longer  than  the 
obtained  latencies   of   the   conditioned   response.      This   made   it 
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possible  to  take  advantage  of  the  fact  that  by  nature  the  condi- 
tioned response  is  anticipatory.  It  is  a  reaction  buih  up  in  the 
experimental  situation  by  virtue  of  repetition  of  the  paired  light- 
shock  stimuli.  After  sufficient  repetition,  .9  began  to  anticipate 
the  shock  upon  perceiving  the  light.  The  anticipatory  responses, 
which  v^ere  conditioned  responses,  would  then  in  time  follow 
the  light  but  precede  the  shock.    Fig.  5  and  Fig.  6  show  the  process 
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Fig.  5.    Sample  records  of  the  development  of  the  conditioned  response. 


of  development.  Unfortunately  it  was  impossible  to  present  the 
whole  series  of  80  records  obtained.  The  figure  at  the  right  end 
of  each  strip  of  film  indicates  the  number  of  the  record. 

Record  1  (Fig.  5)  shows  that  no  response  preceded  the  shock, 
and  that  action  currents  and  overt  responses  of  both  hands  fol- 
lowed the  shock.  It  is  not  possible  to  tell  exactly  when  the  action 
currents  in  response  to  the  shock  began,  but  it  is  clear  that  the 
right  preceded  the  left  overt  response.  Record  5  shows  no 
response  prior  to  the  shock.  Nevertheless  there  is  evidence  that 
conditioning  is  beginning  to  manifest  itself,  in  that  the  initiation 
of  action  currents  coincides  with  the  shock,  and  the  overt  response 
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latency  is  too  short  to  l)e  considered  as  a  response  to  sliock  alone. 
There  are  several  similar  records  in  tlie  series.  Record  11  is  a 
clear  exanijile  of  how  conditioning-  is  revealed  in  its  anticipatory 
characteristics  as  incipient  mnscr.lar  contractions  (small  action 
currents)  ];ri()r  to  the  shock,  'i'he  action  currents  appeared  with 
no  evident  overt  resjjonse  and  ceased  entirely  hefore  the  shock. 
Then  the  shock  occurred,  and  another  resixmse  occurred,  this 
time  in  terms  of  l)oth  action  currents  and  overt  response.  I'nfor- 
tunately,  the  record  was  too  lont,^  to  ];ermit  all  of  it  to  he  shown, 
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Fig.  6.     .Sample  rec(-r(ls  of  further  (ievclopment  of  the  coiKiitioned  respon.se. 

l)Ut  the  ^ijjeneral  picture  is  that  of  the  response  to  shock  in 
Record  1.  J'he  first  overt  conditioned  response  was  obtained  in 
Rec(»r(l  lU.  The  cf^mditioned  action  ctu'rent  response  already  had 
ceased  1)\'  the  time  the  shr)ck  occurred.  A  definite  overt  response 
(not  shown)  was  ajj^ain  elicited  by  the  shock. 

F\'^.  6  shows  the  further  develo]!menl  of  the  response.  Record 
42  clearly  shows  that  the  establishment  of  a  conditioned  response 
is  not  always  a  steady,  imvaryin^^  proj^nx'ssion.  During  develop- 
ment the  overt  response  ma\-  jjrecede  the  shock,  then  recede  in 
time  behind  the  shock,  then  precede  it  a.gain.  until  fin.ally  condi- 
tioning^ is  established  to  the  ])oint  where  it  definitely  and  con- 
stantly ]>recedes  the  li.ght  as  an  overt  conditioned  response. 
Record  52  indicates  the  reappearance  of  the  overt  res]ionse  pre- 
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ceding  the  light.  Record  57  was  the  first  record  taken  with  Udit 
alone  as  the  stimulus,  a  response  which  proved  to  be  the  first  of 
a  series  of  14  consecutive  conditioned  responses. 

A  different  picture  of  development  was  shown  by  other  ^'s. 
The  records  of  FE  (Fig.  8)  illustrate  the  point.  Here  is  shown  a 
consistent  tendency  for  the  conditioned  response  to  move  forward 
progressively  in  time.     Record  5  indicates  a  response  to  shock 

rm  £xnf^6utsmNG  or  the  coNDinoNCD  response 

S^O-A.  .eiL    C£V£  l0P£O    CONDiriQH£0' /feJfOflfSe'  30TH    m 

ACT/  vo      W/THD»AWAL. 

Ma-'  ^     .  .  , 

ttp,  ■ 

«*i 


CQNOiriQt^to  •'{i,\sf>oN^a    s>Tii.L   Pfi£^£.Nr    ear  f<tvt*<i.£o   only  sy 
AC^iCf^  co^Xfif^rrs    note  oeckSASeo  amplit'jdc  and  ourat/oh. 


CONb'r.'ONED    fi£^PO/^3£    MUCti    WBAKBR.        STiLf.      FU/K-THS/K 

m^.   .  >i  mmm» ii«iiMiNw»iiwiiiiiiiiii«iwwiii»<iiiiii«iw 

fK'itfWMmuiHiw iifti»wwiwi'nwwiiwaMWi'iinfj|iw<mmMliWi^>iW»wiw^^W"iii 


AFT£H    O^eHT^   MESPONSe    0/SAPP£AH£0  rj,3-is 

Fk;.  7.     Sample  records  during  extinction. 

only.  In  Record  11,  the  action  currents  preceded,  while  the  overt 
movement  almost  coincided  with  the  shock.  This  showed  that 
the  response  was  actually  in  anticipation  of  the  shock.  Record  20 
is  an  example  of  the  action  current  and  overt  response  preceding 
the  shock.  In  Record  21  the  action  currents  and  overt  response 
have  preceded  the  shock  still  further. 

Another  of  the  aspects  by  which  the  development  of  the  con- 
ditioned response  manifested  itself  was  that  of  an  increase  in  the 
amplitude  of  the  action  currents.  Since  Richtcr  (7),  and  Travis 
and  Lindsley  ( 9 )  have  shown  that  a  definite  correlation  exists 
between  the  magnitude  of  action  currents  and  the  magnitude  of 
a  voluntarv  muscular  contraction,  the   increased   action  current 
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amplitudes  found  in  the  present  study  undoubtedly  mean  that 
there  was  a  c()rres])ondin^"  increase  in  the  intensity  of  muscular 
contraction.  However,  no  quantitative  measurement  was  per- 
formed on  these  records,  since  the  duration  of  the  response  was 
often  limited  by  the  ap[>earance  of  wide  shock  deflections,  and 
since  the  individual  amplitudes  were  unmeasurable  because  of  the 
sui>erposition  of  conditioned  and  unconditioned  responses,  and 
of  riiL^ht  and  left  responses  upon  each  other.  It  was  therefore 
decided  to  relv  upon  inspection  and  to  present  the  results  thereof. 
F'v^.  5  and  Fig-.  6  illustrate  the  tendency  for  the  amplitude  of  the 
action  currents  to  increase  during  the  development  of  the  con- 
ditioning. 

T.-VBLK  III.     'I'ltr  iiiiiiiher  and  per  cent  of  cases  in  H'liich   /he  various 

characteristics  of   the   conditioned   response  appeared 

dnrina  estiil>lishinent  and  extinction 

No.  of  Per  cent  of 

Cliaracteristic  cases  cases 

During  establishment : 

Progressive  increase  of  size  of  action  currents  7  70 

Appearance  of  action  currents  i)rior  to  api)ear- 

ance  of  overt  resjionse 
Progressive  decrease  of  response  latency 
Marked  fluctuation  uf  response  latency 

During  extinction  : 

Progressive  diuiinutiini  of  size  of  action  currents 

Progressive  increase  in  response  latency 

Appearance     of     action     currents     after     overt 
resjionses  ceased 

Number  of  action  current  responses   following  dis- 
appearance of  overt  response 

After  the  development  had  taken  place,  the  conditioned  re- 
sponse was  fcnuid  to  enter  a  period  of  relative  stal)ility  during 
which  each  sticcessive  presentation  of  the  light  alone  caused  a 
well  formed  overt  response.  The  length  of  this  ])eriod  of  stability 
varied  from  individual  to  individual.  This  was  probably  due  to 
some  of  the  following  factors:  the  ease  with  which  conditioned 
responses  could  be  established,  the  number  and  strength  of  shocks 
administered,  rind  perhaps  the  emotionality  of  .V.  The  range  of 
the  number  of  conditioned  responses  was  from  five  to  96.     The 
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70 
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20 
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30 

24 

96 
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60 

24 

96 

Range 

Mean 
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3.6 
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lower  limit  of  five  was  determined  by  the  definition  of  established 
conditioning  set  up  in  this  experiment. 

Extinction  of  the  conditioned  response  presented  a  reversal  of 
the  order  of  the  events  shown  in  its  development.  Upon  repeated 
presentation  of  the  light  alone,  the  action  currents  accompanying 
the  overt  response  gradually  decreased  in  magnitude.     In  time  the 
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Fig.  8.    Records  of  development. 

overt  response  dropped  out.  For  several  presentations  of  light 
beyond  that  point,  the  action  currents  appeared  without  overt 
response  being  present.  These  action  currents  progressively 
diminished  in  size,  until  the  point  was  reached  where  they  too 
disappeared.  In  all  cases,  at  least  six  records  were  taken  beyond 
that  point  to  make  sure  that  extinction  had  been  achieved.  Fig.  7 
and  Fig.  9  illustrate  the  point.  The  persistence  of  action  currents 
after  the  overt  response  had  disappeared  is  less  in  Fig.  9  than  in 
Fig.  7.  Differences  of  this  sort  depend  upon  depth  of  establish- 
ment, the  ease  with  which  .S'  can  be  conditioned,  and  other  related 
factors. 
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Another  wav  in  which  extinction  was  shown  to  he  the  reverse 
of  establishment  was  in  res])oiise  latency.  About  one-half  of  the 
.S"s  showed  a  (lefniite  trend  toward  increased  latency  of  res|)onse 
as  extinction  jiroi^ressed.  d'his  is  evidently  the  reverse  of  the 
trend  shown   in  establishment. 

It    is    intereslin,!;-    to    nc^te    that    as    extinction    [irogressed    the 
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I'll',.  9.     Reccjrds  of  extinction. 

response  often  sliowed  tendencies  toward  instability.  Toward  tlie 
very  end  (jf  the  extinction  series,  it  was  found  that  in  some  cases 
conditi(jned  responses  failed  to  occur  for  two  or  three  ])resenta- 
tions,  followed  by  reappearance  of  the  conditioned  res])onse  in 
subse(|uent  records.  This  instability  of  the  res])onse  toward  tlie 
end  of  extinction,  tot^ether  with  the  droppinj^  out  ot  the  overt 
response  before  the  action  currents  disappeared,  and  the  £;eneral 
progressive  diminution  in  amplitude  of  the  action  currents  indi- 
cate aj.,^ain  that  the  formation  and  decay  of  the  conditioned 
response  must  be  interpreted  in  terms  of  ij^raded  muscular  con- 
traction. Extinction  therefore  may  be  termed,  in  c;^enera1,  the 
reverse  of  the  ])rocess  of  establislnnent. 
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The  precedinj^  discussion  has  been  expressed  in  generahties 
for  purposes  of  exposition.  These  results  will  now  be  stated  in 
greater  detail.  In  Table  III  is  shown  the  frequency  with  which 
these  characteristics  of  establishment  and  extinction  occur.  The 
Vincent  curve  of  the  smoothed  response  latency  values  (Fig.  10) 
shows  a  trend  toward  increased  latency  during  extinction. 

In  three  vS's,  no  records  of  development  of  the  conditioned 
response  were  obtained.     In  each  of  these  Ss,  conditioning  was 
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Fig.  10.  Vincent  curves  of  smoothed  res])onse  latencies  during  extinction 
of  the  conditioned  hand  withdrawal.  Solid  line,  all  15  .S's  included;  broken 
line,  omitting  si.x  .Vs  who  did  not  follow  trend. 

established  easily  and  rapidly,  and  each  of  them  showed  action 
currents  after  the  overt  response  had  dropped  out  in  extinction. 
This  indicates  that  when  6"  was  especially  susceptible  to  condi- 
tioning, due  to  such  factors  as  extreme  sensitivity,  or  to  having 
been  previously  strongly  conditioned,  establishment  occurred  too 
rapidly  for  the  development  to  be  recorded.  Conversely,  in  .9s  in 
whom  action  currents  ceased  with  cessation  of  overt  response,  the 
establishment  was  effected  with  greater  difficulty,  and  the  picture 
of  establishment  was  more  easily  obtained. 

Similarly,  exceptions  were  found  to  the  trends  of  decrease  of 
latency  during  establishment  and  increase  of  latency  during  ex- 
tinction. Although,  on  the  whole,  the  Vincent  curve  for  the 
whole  group  during  extinction  showed  the  trend  toward  increased 
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latency  as  e.xtiiictidn  jjio^^ressed,  six  of  nine  .S's  failed  to  show 
this  trend.  In  two  .Ss  the  latency  decreased  during  the  first  half 
of  the  extinction  series  and  then  increased.  In  the  other  .S^s  the 
latency  trend  varied  irregularly  about  the  central  tendency. 
Explanation  of  these  differences  in  latency  trends  can  only  be 
conjecttn'ed.  Possibly  it  may  be  explained  in  terms  of  extreme 
a])])rehension  for  the  shocks  or  slow  ada[)tation  to  the  experi- 
mental situation,  llu'  exce])tions  to  the  trernl  toward  a  decreased 
latency  as  the  conditioned  resjionse  became  established  possibly 
may  be  accounted  for.  in  terms  of  extreme  ra])idity  of  establish- 
ment. '^Ihe  response  developed  so  (piickly  that  when  it  appeared 
it  did  so  with  an  already  shortened  latency.  In  the  remaining  .9s 
who  did  not  show  this  trend  toward  decreased  latency,  marked 
fluctuations  of  response  latency  were  evident.  This  variability 
indicated  the  instabilit\-  of  the  resjionse  in  its  early  stages. 

The  exceptions  to  the  i^eneral  trend  of  progressive  increase  and 
decrease  in  amplitude  of  action  currents  during  establishment  and 
extinction  resjiectively.  and  those  cases  in  which  oxert  responses 
were  not  jireceded  by  action  currents  alone  during  the  develop- 
ment, or  succeeded  by  action  current  responses  alone  during 
extinction,  are  jirobably  the  result  of  factors  miderl\ing  extreiue 
ra])i(lit\'  of  establishment  or  extinction. 

The  remaining  characteristic  (-f  the  conditioned  hand  with- 
drawal which  was  examined  was  the  relationsbij)  between  extinc- 
tion and  the  "action  current  overt  response  interval  ".  'i'he  latter 
expression  is  used  for  the  sake  of  brevity  to  refer  to  the  differ- 
ence in  time  between  ajipearance  of  action  currents  and  ajipearance 
of  overt  res])onse.  No  clear-cut,  general  relationship  was  found 
for  the  grou])  of  .Vs  as  a  whole.  However,  in  fixe  of  the  12  .S's 
whose  records  could  be  used  for  this  ])art  of  the  study,  a  defin.ite 
trend  existed  as  can  be  seen  in  Fig.  1  1.  This  relationship  is  that 
as  extinction  progresses  the  interval  increases.  This  ])henomenon 
can  not  be  explained  in  terms  of  any  facts  shown  by  previous 
studies.  Experiments  now  being  conducted  in  the  University 
of  Iowa  laboratories  seem  to  indicate  that  ther<'  ma\'  be  some 
relationship  between  the  action  current  overt  response  interval 
and  s]J€ed  of  contraction. 
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Differentiation  of  the  conditioned  from  the  voluntary  response. 
As  mentioned  earlier  in  this  paper  many  criticisms  have  been 
directed  against  considering  the  conditioned  hand  withdrawal  as 
a  true  conditioned  response.  It  was  deemed  desirable  to  deter- 
mine the  validity  of  these  criticisms.  This  was  done  by  comparing 
and  contrasting  voluntary  hand  withdrawals  with  conditioned 
hand  withdrawals,  and  by  determining  whether  the  conditioned 
hand  withdrawal  possessed  the  same  characteristics  as  other 
widelv  accepted  conditioned  responses. 

Differentiation  between  the  conditioned  and  the  voluntary 
hand  withdrawal  is  clearly  indicated  in  the  way  in  which  the 
former  developed  in  terms  of  action  currents.     It  has  been  noted 

Table  IV.     The  averages  of  the  means  and  SDs  of  action  current  and  overt 
response  latencies  of  the  conditioned  and  voluntary  hand  withdraival 
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contraction,  increasing  in  degree  until  the  overt  response  appeared. 
Extinction  presented  the  reverse  picture,  namely,  progressive 
diminution  of  degree  of  contraction  to  the  point  of  complete 
absence  of  response  (Figs.  5,  6,  7,  8,  9).  Such  a  process  of 
growth  and  decline  in  degree  is  never  presented  by  the  volun- 
tary response :  the  first  voluntary  response  is  like  the  last  or 
any  intermediate  response  in  its  general  characteristics.  For 
the  sake  of  economy,  no  records  of  a  voluntary  response  are 
presented  other  than  the  upper  record  in  Fig.  4,  since  any  single 
record  of  voluntary  responses  cannot  be  distinguished  from  that 
of  the  ordinary,  firmly  established  conditioned  response.  Neither 
Fig.  5,  Record  19,  nor  Fig.  6,  Record  57,  nor  yet  Fig.  8,  Record 
21,  differ  in  appearance  from  a  voluntary  response,  had  the  shock 
been  absent.  Differentiation  in  this  respect  does  not  rest  on 
single  records,  nor  on  any  method  of  analysis  of  the  form  or  other 
characteristics  of  a  single  response.     Comparison  must  rest  upon 
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the  entire  series  of  reeords.  Differentiation  is  clearly  revealed 
through  the  characteristics  of  development  and  decay  in  the  con- 
ditioned response. 

A  second  comijarison  could  he  made  of  the  means  and  standard 
deviations  of  the  response  latencies.  Table  IV  present  such  com- 
parisons. Res])onse  to  shock  is  also  presented,  although  the  rec- 
ords are  rather  meager. 

These  results  indicated  that,  when  latencies  are  considered  in 
terms  of  the  mean  or  standard  deviation  of  an  entire  series,  the 
conditioned   and   voluntary   response   did    not    differ.      However, 

Tai'.i.e  V.     The  mean  of  the  cweriuies  and  SD  "/  the  aetion  current-overt 
response  interz'als  in  the  eoiiditioned  and  z'ohintary  responses 

^^_  L'.-ft  Hand  Riglit  Hand 

Response  subjeets  Mean         SD  Mean         SY) 

Conditioned  16  56.6         18.5  SH.7         V).3 

\',>luntary  19  52.7         12.5  53.. S         11.5 

T.\ni.i':  \'I.     A'l-erafie  eondilinneii  response  lateneies  obtained  zeilh   the 

respective  intervals  of  5(>^  and  2/6  ;)/.v.  In'tu'cen  liijht 

and  shock,  on  eiijlu  Ss 

Overt  Response  Action  Current  Response 

Interval  in  ms.  Left  Right  Left  Right 

505  364.4  369.1  306.4  309.0 

216  336.7  321.2  17')  .7  281.2 

another  method  of  treating  response  latencies  for  comparison  is 
that  of  constructing  V^incent  curves  for  successive  periods  for 
both  types  of  response.  I'he  Vincent  curve  for  the  conditioned 
response  latencies  already  has  been  given  in  h'ig.  10.  The  Vincent 
curve  for  the  voluntary  resjionse  latencies,  constructed  in  the 
same  maimer  as  that  for  the  conditioned  response,  is  presented 
in  h'ig.  1^.  A  comparison  of  the  Vincent  ctirves  for  the  condi- 
tioned and  voluntary  responses  reveals  some  interesting  facts. 
While  in  the  vohmtary  response  there  was  no  observable  change 
in  latency  there  was  some  such  change  for  the  conditioned  re- 
sponse. While  there  were  indiviclual  exce])tions  to  this  trend  for 
the  smoothed  curves  of  the  conditioned  response,  on  the  other 
hand,  not  one  .S"  showed  any  such  trend  in  the  voluntary  response. 
In   general,    there    was    indication    that    differentiation    occurred 
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between  the  conditioned  and  the  vokintary  response  with  respect 
to  latency  trends,  ahhough  there  were  individual  exceptions. 

A  comparison  was  then  made  with  respect  to  action  current 
overt  response  intervals.  The  results  are  given  in  Table  V. 
Again  there  was  no  differentiation  between  the  voluntarv  and 
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Fig.  12.  Vincent  curves  of  smoothed  action  current  overt  response 
interval  values  during  extinction  of  the  conditioned  hand  withdrawal. 
Solid  line,  all  12  5s ;  broken  line,  five  5s  who  showed  definite  trend. 


conditioned  response  when  averages  for  the  entire  series  were 
considered.  The  means  and  SD^  were  substantially  the  same. 
A  comparison  was  then  made  of  the  Vincent  curves  (Fig.  13) 
for  the  action  current  overt  response  latencies  in  order  to  reveal 
any  existing  trends.  As  the  series  progressed,  no  trend  toward 
an  increase  of  interval  could  be  observed,  either  for  the  group 
as  a  whole  or  for  any  single  ^.     It  will  be  recalled  that  there 
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was  sonic   such  trend  in  the  conditicjned  response,   and  that   in 
five  out  of  12  .S's  such  a  tendency  was  definite  (Fig.  11). 

Because  of  tlie  fact  that  in  one  procedure  an  interval  of  216 
and  in  the  other  an  interval  of  505  ms.  was  used  between  the 
]i<(ht  and  the  shock,  results  were  obtained  which  made  it  pos- 
sible to  note  the  effect  of  differences  in  interval  upon  conditioned 
response  latency.  These  results  are  summarized  in  Table  VI,  and 
include  c)nly  the  data  obtained  on  .S"s  who  were  used  in  both  pro- 
cedures. The  tendency  existing  was  toward  a  longer  response 
latency  in  connection  with  the  505  ms.  interval.  This  agrees 
substantially  with  Hilgavd's  findings  (2)  c)n  the  cr)nditioned 
eyelid  reaction :  shortening  the  interval  between  conditioned  and 
unconditioned  stimulus  shortened  somewhat  the  conditioned 
response  latency. 

Thus  far  the  problem  of  differentiation  between  the  voluntary 
and  conditioned  responses  has  been  investigated  on  the  basis  of 
objective  records.  Important  evidence  also  comes  from  the 
subjective  report  of  .V.  One  of  the  major  criticisms  against  the 
hand  withdrawal  is  that  it  employs  a  response  mechanism  which 
is  subject  to  voluntary  control.  This  of  course  can  not  be  gain- 
said. However,  it  does  not  follow  that  a  mecj^anism  which  can 
respond  vriluntarily  always  does  so.  Although  the  terms  are 
somewhat  ambiguous,  a  respon.se  may  be  characterized  as  invol- 
untary if  .S'  responded  without  previous  intention  to  respond,  if 
.9  was  unaware  that  he  has  responded,  and  if  the  resjionse  could 
not  be  inhibited. 

Tnff)rmation  (Table  A^II)  bearing  on  these  considerations  was 
derived  from  the  questionnaire.  All  .Vs  reported  that  they 
responded  involuntarily,  and  that  there  had  been  no  intention  on 
their  part  to  respond.  From  the  description  of  the  i)rocedure 
above,  it  will  be  recalled  that  v9  could  not  in  any  w^ay  avoid  the 
shock.  There  was  no  point  in  his  voluntarily  w^ithdrawing  the 
hand,  since  no  jjurpose  would  be  thus  served.  Seven  .Vs  reported 
reactions  of  surj)rise,  amusement  or  disgust  because  they  had 
responded  to  the  light  alone;  11  .S's  reported  neutrality.  Where 
the  former  reactions  occurred,  the  presumption  is  that  no  inten- 
tion to  resjKjnd  had  been  present.     Five  6^8  reported  a  determina- 
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Table  VII.    Number  and  per  cent  of  responses  of  conditioned  subjects 

to  the  questionnaire  items 

No.  Per  cent 


1. 

Intensity  of  light  during  shock  stimulation 

a.  constancy 

b.  progressvie  decrease 

c.  progressive  increase 

d.  irregular  variation 

8 

0 

0 

10 

44 
0 
0 

56 

2. 

Intensity  of  light  during  extinction 

a.  constancy 

b.  progressive  decrease 

c.  progressive  increase 

d.  irregular  variation 

3 

2 

0 

13 

17 

11 

0 

72 

3. 

Strength  of  shocks 

a.  equal  for  both  hands 

b.  stronger  for  the  right  hand 

c.  stronger  for  the  left  hand 

14 

2 
0 

88 

12 

0 

4. 

Reaction  toward  shocks 

a.  indifference 

b.  unpleasantness 

c.  anticipation 

d.  fear 

e.  avoidance   (keeping  hands  raised) 

0 
3 
8 
5 
0 

0 
19 
50 
31 

0 

5. 

Initiation  of  response 

a.  simultaneous 

b.  right  lead 

c.  left  lead 

d.  uncertain 

10 

2 
2 
4 

56 
11 
11 
44 

6. 

Amount  of  response 

a.  equal  for  both  hands 

b.  greater  for  right  hand 

c.  greater  for  left  hand 

d.  uncertain 

4 
7 
4 
3 

44 
39 

22 
17 

7. 

Certainty  as  to  when  shocks 

a.  certain 

b.  uncertain 

occurred 

18 
0 

100 
0 

8. 

Response  to  light  alone 

a.  yes 

b.  no 

18 
0 

100 
0 

9. 

Nature  of  response 

a.  voluntary 

b.  involuntary 

0 
18 

0 
100 

10. 

Attitude  following  response 

a.  surprise 

b.  amusement 

c.  disgust 

d.  neutrality 

to  light  alone 

2 

5 

0 

11 

11 

28 

0 

61 

11. 

Resolve  not  to  respond  to  li 

a.  yes 

b.  no 

ght 

5 
13 

28 
72 

12. 

Success  of  this  resolve 

a.  yes 

b.  no 

0 
18 

0 
100 

198  ARNOLD  HESRY  IIILDEN 

tion  not  to  respond,  but  nevertheless  did  respond.  Furthermore, 
in  order  to  test  the  vohintary  nature  of  the  response,  several  vS's, 
among  whom  were  two  ranking  members  of  the  psychology 
department,  entered  the  experiment  w  ith  a  s])ecific  determination 
not  to  resjjond.  Despite  these  unfavorable  attitudes,  condition- 
ing occurred  in  each  instance. 

A  still  further  jjroof  that  the  resi)onse  was  non-\-oluntary  in 
nature  is  ]>rovided  b\-  .V's  awareness  or  unawareness  lliat  the 
res]K)nse  had  occurred.  I'.arlier  in  this  jiaper  it  was  shown  that 
there  were  dehnite  conditioned  action  current  res])()nses,  even 
when  no  o\ert  mo\enient  occurred,  and  that  some  of  these  action 
ciu"rent  res])onses  were  of  low  amplitude  and  short  duration. 
These    indicate    the    ].resence    of    extremely    slight    contractions, 
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12    3    4     5 
Stages  of  the  series  of 
voluntary  responses 

Fi(,.    ],S.      X'incc'iit    curve   ck-rivid    trcnn    sniDotlR'd   actidii   currunt    overt 
rt'si)onse  interval  values  \uv  the  v(ihiiU;iry  hand  witlidrawal.     10  .Vs. 


which.  Iiowever,  were  dehnite  conditioned  resjionses.  As  workers 
in  the  held  of  chronaxy  and  electromyography  know,  it  is  possible 
for  an  .V  to  have  \ery  slight  musctil.ar  contractions  of  which  he 
is  totally  tuiaware.  These  ])henomena  commonly  occurred  during 
the  course  of  the  present  investigation,  and  are  illustrated  by  the 
records  of  one  case  in  i^'ig.  14.  This  .S'  re])orted  that  he  had 
res])on(led  only  once,  in  any  way  whatexer,  to  light  alone.  Record 
16  shows  that  he  did  respond  once,  with  the  left  hand  overtly,  and 
with  both  arms  in  terms  of  action  ctu'rents,  biU  the  other  records 
show  that  he  had  several  conditioned  responses,  alth(»ugh  not 
overtly.  These  responses  are  rather  slight,  and  of  short  duration, 
especially  Records  15  and  17,  which  accounted  for  .V's  lack  of 
awareness  of  them.  Similarly,  the  other  records  indicated  definite 
conditioned  responses  in  terms  of  action  ciu'rents.  Moreover, 
six  other  records  not  shown  here,  from  the  same  series,  show  the 
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same  phenomenon.  In  other  words,  ^"  was  aware  of  but  one  of 
1 1  definite  responses.  Were  this  a  voluntary  response,  no  such 
lack  of  awareness  could  have  occurred. 

The  conclusion  to  be  drawn  from  the  sul)jective  reports  is 
that  the  response  was  involuntary,  that  it  could  not  be  inhil)ited, 
and  that  responses  occurred  often  without  awareness  of  their 
occurrence  on  the  part  of  S. 

JAMPte   RECORDS   ON  A  S</3J£Cr    WHO  CLAIMED   THAT    TtfERE 
W45  ONLY   ONE  RESPONSE    OF  ANY  S,ORT    TO  UQMT    ALONE 


S 


MKjpBgl 


lipiltWWWWiiaiiiiiiiiiiiiiiiwiimiii nXih^'Amm 


wmmmmimmmmmmmmmmmiik»- 


iawaii 


H^ 


MMMaaMMHMMHMni 


mmmmfmmmmmmmKmmmmmmBmmimmmmmmmmimim 


1       I inMiBHlHtlilili^''  ■'Y-f  -f'lf h'vift' 


sc-n 


s^o-m 


MaMMWRXM 


Fig.  14.     Slight  muscular  contractions  of  which  .S"  was  totally  unaw'are. 

Relation  of  handedness  to  differences  in  the  response  latencies 
of  the  two  hands  zuhen  siniultaneously  conditioned.  These  dif- 
ferences were  expressed  in  terms  of  action  current  latencies, 
overt  movement  latencies,  action  current  overt  response  intervals, 
and  the  frequency  with  which  the  preferred  and  nonpreferred 
hand  led.  A  comparison  was  also  made  with  similar  measures 
obtained  from  voluntary  response  records. 

This  problem  has  been  attacked  through  the  use  of  voluntary 
responses  by  Orton  and  Travis  (5),  Metfessel  and  IVarren  (3), 
and  Travis,  Tuttle  and  Bender  (10).  The  specific  problem  for 
investigation  was :  do  action  currents  and  overt  responses  appear 
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in  the  preferred  hand  before  they  appear  in  the  non-preferred 
hand,  or  does  the  reverse,  or  neither,  hold  true?  Orton  and 
Travis  required  .S'  to  respond  to  a  signal  with  the  two  hands 
simultaneously.  They  found  the  action  current  lead  to  be,  in 
general,  in  the  preferred  hand.  Mctfessel  and  Warren  found  the 
lead  to  be  in  the  non-preferred  hand,  and  explain  their  results  as 
being  due  probably  to  over-conij>ensation  of  the  less-used  hand 
in  an  attempt  at  simultaneous  movement.  Trains,  Tuttle  and 
Bender  decided  that  contlicting  results  occurred  in  the  previous 
studies  because  the  lead  is  to  a  large  extent  a  function  of  the 
instructions  given  to,  and  the  tasks  imposed  upon,  the  ^". 

Because  of  these  conflicting  results,  it  was  felt  desirable  to 
attack  the  problem  in  an  experimental  situation  which  would 
eliminate  both  the  factor  of  instructions  to  .S'  and  that  of  volun- 
tary control.  The  conditioned  response  situation  does  both.  As 
stated  previously,  both  hands  were  conditioned  simultaneously, 
with  shock  stinuili  which  were  sensed  as  equal  for  both  hands. 
Although  conditioning  was  attempted  on  17  right  handed.  20 
left  handed,  and  nine  ambidextrous  .S\s.  usable  records  were  ob- 
tained on  1 1  right  handed,  two  left  handed,  and  three  armbi- 
dextrous  6's. 

Table  VI 11  presents  the  means  and  standard  deviations  of  both 
action  currents  and  overt  response  latencies  in  the  conditioned 
response  for  right  handed,  left  handed  and  ambidextrous  .S"s.  In 
these  means,  the  preferred  hand  did  not  show  a  significantly 
larger  or  smaller  value  than  did  the  non-i)ref erred  hand,  for 
either  the  conditioned  or  the  voluntary  responses.  In  average 
latencies  for  individual  .Vs,  four  out  of  nine  showed  a  smaller 
value  for  the  preferred  hand  for  the  conditioned  response;  three 
out  of  seven  showed  a  smaller  value  for  the  voluntary  reaction. 

Table  X  gives  the  means  of  the  average  action  current-overt 
response  latencies.  No  significant  differences  were  found  between 
the  two  hands,  for  the  conditioned  or  voluntary  responses.  Vox 
individuals,  the  shf)rter  value  was  found  in  five  out  of  10  cases 
for  the  ])referred  hand  for  the  conditioned  response,  and  three 
out  of  nine  for  the  voluntary  response. 

The   Pearson   product-nKjment   coefficients   of   correlation   be- 
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tween  the  action  current  and  overt  response  latencies  for  indi- 
viduals were,  with  one  exception  (of  .86),  over  .90  for  both  the 
conditioned  and  the  voluntary  responses. 

Table  VHI.     The  means  of  the  aveniiw  and  SD  of  the  response  latencies 

in     terms    of    action     currents    and    overt     response    in     the 

conditioned  hand  nnthdraival  for  12  right  handed,  three 

left  handed  and  three  ambidextrous  Ss 


Overt  Responses 


Action  Currents 


Handed- 
ness 

No. 

f 

Left  hand 
Mean     SD 

Right  hand 
Mean     SD 

Left  hand 
Mean     SD 

Right  hand 
Mean     SD 

R 
L 

A 

11 
3 
3 

301.5 
357.1 
327.1 

30.6 
60.4 
47.4 

306.3 
365.2 
326.9 

33.1 
59.8 
48.6 

269.1 
341.3 
269.3 

39.4 
84.6 
38.7 

272.2 
33  L  8 
266.5 

39.4 
66.4 
39.1 

Table  IX.     The  means  of  the  averages  and  SD  of  the  response  latencies 

ill  the  voluntary  response  for  11  right  handed,  seven 

left  handed,  and  tzvo  ambidextrous  Ss 


No. 

11 
7 
2 

Overt  I 

Responses 

A 

Action 

Currents 

A 

Handed- 
ness 

R 
L 
A 

Left  hand 
Mean     SD 

301.8     35.3 
337.3     48.4 
317.1     35.5 

Right  hand 
Mean     SD 

294.3     35.1 
337.8    49.6 
313.1     35.1 

Left  hand 
Mean     SD 

252.5    36.3 
281.2    52.0 
258.9     34.4 

N 

Right  hand 
Mean     SD 

256.1     36.7 
277.8     51.3 
258.7    23.2 

Table  X.     The  means  of  the  averages  and  SD  of  the  action  current-overt 

response  intervals  for  each  hand  for  the  conditioned  and  voluntary 

responses,  for  right  handed,  left  handed  and  ambidextrous  Ss 


Left  hand 

Right  hand 

Response 

Handedness 

No. 

Mean 

SD 

Mean        SD 

Conditioned 

right 

12 

56.4 

18.4 

55.3        19.4 

Conditioned 

left 

2 

64.3 

25.7 

74.1        24.5 

Conditioned 

ambidextrous 

3 

57.9 

10.5 

57.0        11.0 

Voluntary 

right 

10 

49.9 

13.0 

49.1        11.5 

Voluntary 

left 

7 

54.8 

12.4 

60.2        12.4 

Voluntary 

ambidextrous 

2 

58.3 

10.9 

54.5          8.5 

When  individual  or  group  averages  were  derived,  no  significant 
differences  were  fotmd  between  the  reactions  of  the  two  hands. 
However,  these  averages  in  a  sense  might  tend  to  disguise  the 
true  facts  concerning  the  leading  hand. 

For  this  reason,  another  method  of  analysis  was  used.  This 
involved  finding  the  per  cent  of  responses  in  which  the  right  or 
left  hand  led,  with  relation  to  handedness.     This  was  done  in 
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Table  XI.     'J'hc  number  of  rif/lit  handed   left  handed  and  andndexlrous  Ss  zvho 

showed  a  riyht  overt  response  or  action  eurrcnt  lead  m  more  than 

60,  70,  SO  and  90  per  eent  of  the  responses,  based  on  10  or 

more  conditioned  or  nduntary  responses 

Overt  Responses  Actiun  Current  Responses 


Cond.  resp. 

Vol.  resp. 

Per  cent  of 

Handedness 

Handedness 

right  leads 

R 

I. 

A 

R 

L      A 

60 

0 

0 

1 

1 

3       1 

70 

0 

0 

0 

1 

1      0 

80 

0 

0 

0 

0 

1        0 

90 

0 

0 

0 

0 

0      0 

Cond.  resp.  Vol.  resp. 

Handedness  Handedness 

R      L      A  R      L      A 

3       12  0      3       0 

Oil  030 

0       0       0  0       2       0 

0       0      0  0      0       0 


No.  cases         11       2      3  10      7      2  10      2      3  10      7      2 


Table  XII.     1  he  number  of  nuhl  handed.  Icjt  handed  and  ambidextrous  .Ss  ivho 

shozved  a  left  ozrrt  or  action  current  lead  in  more  than  60,  70, 

80  or  90  per  cent  of  the  responses,  based  on  10  or 

more  conditioned  or  voluntary  responses 

Overt  I\esi)onses  Action  Curnnt  Responses 


Cond.  resp. 

\ 

ol.  resp. 

Handed 

less 

Handedness 

R      L 

A 

R 

L      A 

4       1 

1 

6 

2       0 

4       0 

1 

4 

1       0 

4       0 

0 

4 

1       0 

3       0 

0 

1 

0      0 

Cond.  resp.  Vol.  resp. 

Per  cent  ^^i     Handedness  Handedness 

left  leads         R      L      A  R      LA 

60  7  2       1  7  ?,  0 

70  7  11  5  2  0 

80  6  0       1  3  1  0 

90  1  0      0  2  1  0 

No.  cases         11       2      3  10      7      2  10      2      3  10      7      2 

terms  of  action  currents  and  overt  responses,  for  both  the  con- 
diti(jned  and  volimtary  reactions.  The  resuUs  are  i^iven  in 
Tables  XI  and  XII.  These  tables  are  constructed  so  as  to  show 
in  detail  to  what  extent,  for  exaniijle,  the  rii^dit  handed  .S's  gave 
response  leads  in  more  than  60,  70,  80,  or  90  i)er  cent  of  the 
records.  The  results  showed  no  definite  relationship  between 
response-lead  and  handedness.  However,  the  nuiuber  of  cases 
was  inadequate  as  a  basis  for  any  fnial  conclusions. 

None  of  the  methods  of  analysis  revealed  any  clear  cut  rela- 
tionships between  handedness  and  response  lead,  response  laten- 
cies, action  current  overt  response  intervals,  ease  of  conditioning, 
or  rate  of  extinction. 

V.  Summary.  The  following  specific  problems  were  set  up 
for  investigation : 
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1.  The  development  and  extinction  of  the  conditioned  response 
in  terms  of  progressive  increase  and  decrease  of  action  currents, 
action  current  latencies,  overt  movement  latencies  and  the  action 
current  overt  response  interval. 

2.  Differentiation  between  the  conditioned  and  the  voluntary 
response  in  terms  of  development  and  extinction,  response  laten- 
cies, the  action  current  overt  response  interval,  and  subjective 
report. 

3.  Differences  in  the  responses  of  the  two  hands  when  simul- 
taneously conditioned,  as  related  to  the  handedness  of  the  ^. 
These  differences  were  expressed  in  terms  of  action  current  laten- 
cies, overt  movement  latencies,  and  the  action  current-overt 
response  interval.     Voluntary  responses  were  similarly  studied. 

The  conditioned  stimulus  was  a  flash  of  light.  The  uncondi- 
tioned stimulus  was  a  condenser  discharge.  In  one  series,  the 
light  preceded  the  shock  by  216  and  in  another,  by  505  ms.  The 
shock  was  applied  simultaneously  to  both  hands,  and  was  made 
subjectively  equal  for  both  hands.  Records  were  obtained  of 
the  action  currents  from  the  extensor  digitorum  communis 
muscles  of  both  arms,  and  of  the  overt  movements  of  both  hands. 
Usable  records  were  obtained  from  18  adult  ^^s. 

The  records  showed  that,  during  establishment,  the  conditioned 
response  appeared  first  only  in  the  form  of  slight  muscular  con- 
tractions and  developed  to  the  point  where  overt  movement 
appeared.  Extinction  presented  a  reversal  of  this  order  of  events. 
The  means  and  the  standard  deviations  of  conditioned  and  volun- 
tary response  latencies  were  the  same.  The  means  and  standard 
deviations  of  the  response  latencies  to  shock  were  much  smaller. 
The  correlations  between  action  current  and  overt  response  laten- 
cies were  .90  or  higher.  The  action  current  overt  response  inter- 
val was  the  same  for  both  conditioned  and  voluntary  responses. 

Differentiation  between  conditioned  and  voluntary  hand  with- 
drawal was  made  by  (1)  subjective  report  (2)  progressive 
increase  in  magnitude  of  action  currents  prior  to  appearance  of 
overt  response,  during  establishment  of  the  conditioned  response, 
and  (3)  progressive  decrease  in  magnitude  of  action  currents 
after  overt  responses  ceased,   during  extinction.     In  some  Ss, 
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differentiation  was  also  shown  by  a  definite  trend  of  increase  in 
the  conditioned  response  latency  as  extinction  progressed,  and 
by  a  tendency  ior  the  action  current  overt  response  interval  to 
increase  at  the  end  of  extinction. 

Handedness  did  not  show  an}'  general  relation  to  rate  of  con- 
ditioning or  extinction,  to  response  latencies,  to  the  action  current 
overt  response  intervals,  or  to  response  leads. 
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ACTION    CURRENT    PATTERNS    OF    HOMOLOGOUS 
MUSCLE  GROUPS  DURING  REFLEX  ACTIVITY 

by 

Mervin  Patterson 

1.  Introduction.  Hypothetical  induction  from  experimental 
facts  supporting  the  theory  of  cerebral  dominance  suggested  the 
possibility  that  action  current  records  of  reflex  activity  from  the 
two  sides  of  the  body  might  indicate  the  dominant  of  the  two 
hemispheres.  This  study  attempts  to  test  this  hypothesis ;  in 
addition  action  current  records  were  examined  for  evidence  of 
any  inter-relationship  existing  between  the  same  reflexes  on 
opposed  sides  of  the  body  and  for  evidence  concerning  the  ana- 
tomical and  functional  order  of  the  reflexes. 

According  to  those  who  hold  to  the  theory  of  cerebral  domi- 
nance, ( 1  )  the  higher  centers  of  the  central  nervous  system  exert 
a  controlling  influence  over  the  lower;  (2)  the  preferential  use 
or  lead  in  the  function  of  the  peripheral  organs  of  the  body  is  a 
reflection  of  the  dominance  of  one  cerebral  hemisphere  over  the 
other.  The  first  part  of  the  theory  was  originally  advanced  by 
Hughlings  Jackson  (  7  )  and  recently  has  been,  substantiated  by 
a  series  of  studies  in  which  it  was  shown  that  the  latency  and 
pattern  of  reflex  action  current  records  were  changed  by  depress- 
ing or  exciting  the  activity  of  the  cerebral  hemispheres  (3,  16, 
17,  18).  The  second  part  of  the  theory  is  derived  from  con- 
sideration of  cases  of  aphasia  and  stuttering ;  in  these  cases,  inter- 
ference with  the  leading  or  dominant  hemisphere  as  indicated  by 
handedness  or  tests  of  peripheral  laterality  has  resulted  in  aphasia 
when  there  is  destruction  of  nervous  tissue  (24)  and  in  stuttering 
when  there  is  abnormality  of  function  (15,  19).  Since  the 
cerebral  hemispheres  function  asymmetrically  and  since  alteration 
of  the  control  of  the  cerebral  hemispheres  over  lower  centers 
results  in  change  in  reflex  action  current  records,  the  hypothesis 
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was  advanced  that  the  asyinnietrical  fuiictioiiiii!^  of  the  Iienii- 
spheres  mi^ht  he  manifest  in  retiex  action  current  records  from 
homologous  muscle  pairs. 
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Fig.  1a,  human  patellar  reflex:  In,  human  Achilles  reflex;  Ic,  human 
jaw  jerk;  In,  i)atellar  records,  dot;  U.  In  all  records  the  middle  two  lines 
are  action  current  lines,  the  upper  from  the  right  side  of  the  body  and  the 
lower  from  the  left.  Ihe  time  lines  in  each  ti,t;ure  represent  .001  of  a 
.second.  The  fourth  line  in  each  records  the  instant  of  administration  of 
the  stimulus  by  an  abrupt  break  in  the  line.  The  stimulus  was  recorded 
on  the  action  current  lines  in  h'it;.  l.\  by  pick-up  from  contact  potential 
between  rod  and  pendulum.  In  h'it;.  In  the  action  current  records  are  1H0° 
out  of  i)hase,  an  effect  of  placement  of  the  electrodes. 


Apart  from  the  study  of  the  influence  of  higher  centers  on 
lower  retle.x  centers,  evidence  was  sought  in  the  records  taken 
of  any  interconnection  and  interaction  existing  hetween  the 
refle.x  centers  themselves,  ll'cndt  (25)  has  collected  references 
to  the  associated  crossed  extensor  retiex  in  response  to  [>ercussion 
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on  the  patellar  tendon.  He  concludes  that  from  the  occasional 
presence  of  such  an  alliance  in  abnormal  conditions  the  integrat- 
ing paths  from  the  receptors  of  one  side  to  the  contralateral 
effectors  are  of  relatively  low  resistance.  He  found  additional 
evidence  for  the  close  connection  of  reflex  centers  in  rapid 
development  of  a  short-latency  bilateral  response  to  stimulation 
of  either  patellar  tendon  alone  following  a  period  of  stimulation 
of  both  tendons  together ;  he  interprets  the  crossed  response  as 
being  of  reflex  origin.  Although  JJ^cudt  has  demonstrated  inter- 
connection between  bilateral  reflexes  involving  homologous  muscle 
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Fig.  2a,  patellar  records  from  patient  ST.  Signal  was  recorded  on 
action  current  lines  as  in  Fig.  l.\;  2b,  patellar  records  from  dog  D  after 
lesion  in  the  motor  area  of  the  right  hemisphere. 

pairs  there  remains  the  possibility  of  interaction  as  well  as  inter- 
connection. 

The  pattern  of  the  reflex  is  stereotyped  although  there  are 
individual  dift'erences  in  the  patterns  obtained  (20).  It  remained 
to  be  determined  whether  or  not  the  stereotypy  of  the  unilateral 
reflex  was  matched  by  a  similar  stereotyped  pattern  on  the  oppo- 
site side  in  the  bilateral  reflex.  The  complexity  of  the  neural 
pathways  and  the  muscle  effectors  might  lead  one  to  anticipate 
that  only  by  chance  would  the  individual  motor  units  of  homolo- 
gous muscle  pairs  discharge  in  such  a  manner  that  duplication  of 
pattern  between  pairs  resulted.  An  analysis  of  the  record  patterns 
was  undertaken  to  determine  in  what  degree  a  reflex  on  one  side 
of  the  body  was  like  the  same  reflex  on  the  opposite  side. 
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II.  Apparahis  and  procedure.  Four  elements  of  a  six  element 
Westinii^house  oscillograj)h  were  used  as  recorders.  Two  elements 
recorded  action  currents.  One  of  these  recorded  action  currents 
from  a  muscle  or  i^M-oup  of  muscles  on  the  ri^^ht  side  of  the 
body,  the  other  from  the  left  side.  Action  currents  were  ampli- 
fied by  three-stasi^e  resistance  coujiled  amplifiers,  matched  for 
frequejicy.  amplitude,  and  wave-form.  A  third  element  pro- 
duced a  time  line  at  1.000  —  (from  a  General  Radio  low  fre- 
(|uency  oscillator).  Hie  fourth  element  recorded  the  instant  of 
application  of  the  stimulus  to  elicit  the  refiexes.     The  stimulus 


^mw^^^^H^ 


Fir,,  .-i.x.  rtccircLs  of  ijisdlateral  left  patellar  and  crossed  right  patellar  in 
dog  D;  3b.  record.s  of  ip.solatera!  left  Achilles  and  crossed  right  Achilles 
in  norma!  i)Crsc)n. 


was  mcclinnical  in  all  cases — a  blow  by  a  hammer,  which  struck 
:i  brass  or  steel  ])late  ])lace(l  oxer  a  [loint  effective  in  elicitinj;]^  the 
reflex.  The  contact  of  the  hammer  on  the  plate  closed  a  signal 
circuit,  which  discharged  into  the   fourth  element. 

Records  were  ])hotogra])he(l  on  Eastman  Xo.  1  35  mm.  sensi- 
tized paper.  A  sj)ecial  camera,  tin-ned  by  hand,  drew  the  ])a]ier 
jiast  the  recording  slit  of  the  oscillogra])!!. 

Klectrodt'S  made  of  brass  stri])S.  covered  with  Canton  flannel 
soaked  in  supersaturated  saline  sohuion.  were  used  for  most  of 
the  records.  'J  hey  were  held  in  jilace  by  rubber  bands.  In  making 
the  electrodes,  a  pair  of  brass  strijKs  were  matched  in  size  and  in 
distance  separating  them  bv  a  second  pair  of  brass  strips.  The 
size  of  the  brass  strips  varied  with  the  variatic)n  in  the  size  of 
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the  muscles  to  which  they  were  apphed,  but  homologous  muscle 
pairs  were  covered  with  matched  electrodes,  in  so  far  as  was 
possible  with  the  slight  distortions  of  shape  and  size  contributed 
by  the  Canton  flannel  covering. 

Needle  electrodes  were  used  for  several  series  of  records  taken 
on  dogs.  Except  for  the  pointed  tips,  the  needles  were  covered 
with  bakelite  varnish.  The  varnish  provided  insulation  without 
adding  materially  to  the  thickness  of  the  20-gauge,  platinum- 
iridium  wire  from  which  the  needles  were  made.  These  elec- 
trodes were  inserted  about  one  cm.  into  the  belly  of  the  muscle 
and  were  held  in  place  by  adhesive  tape. 

The  electrodes  were  located  symmetrically  on  the  bellies  of 
homologous  muscles.  For  the  patellar  reflex,  location  was  deter- 
mined by  measuring  to  a  point  half-way  between  the  anterior 
superior  spine  of  the  ilium  and  the  upper  margin  of  the  patella. 
The  upper  edge  of  the  proximal  electrode  was  placed  at  this  point. 
In  the  patellar  reflex,  the  legs  were  clamped  five  inches  apart  so 
that  measurement  was  considered  necessary,  but  in  the  Achilles 
in  man  and  the  patellar  in  dog,  the  legs  were  placed  as  close 
together  as  was  consistent  with  the  maintenance  of  insulation,  so 
that  the  location  of  the  electrodes  at  homologous  points  was 
accurate  without  measurement. 

With  the  exception  of  the  jaw  jerk,  the  stimulating  device 
used  in  eliciting  bilateral  reflexes  was  always  the  same  in  prin- 
ciple, but  the  apparatus  was  adapted  to  each  reflex.  An  insulated 
steel  rod  or  thin  piece  of  hard  rubber  was  placed  across  the 
tendons  of  the  executant  muscles  of  the  reflexes.  The  contact 
plate  of  brass  or  steel,  mounted  on  bakelite  or  hard  rubber,  was 
placed  on  the  rod  or  attached  to  the  hard  rubber  substitute  for 
the  rod  at  the  point  midway  between  the  tendons.  The  blow  of 
a  hammer  on  the  contact  plate  served  to  elicit  the  reflex  on  both 
sides  of  the  body  and  at  the  same  time  to  actuate  the  signal 
circuit. 

For  the  patellar  reflex,  a  stand  was  built  on  a  platform.  ^  was 
seated  on  a  chair  placed  on  the  platform.  Three  cross-pieces  were 
clamped  on  the  stand :  a  support  for  the  legs,  with  adjustable 
clamps  that  prevented  lateral  movements;  a  steel  rod,  ^i  in.  in 
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diameter,  held  ai^ainst  the  tendons  just  below  the  knee-caps;  and 
a  pendulum,  which  could  be  released  to  fall  against  the  rod  from 
any  height  by  means  of  a  ratchet  wheel,  held  stationary  until 
time  for  the  stimulus  by  a  pawl.  The  pendulum  was  caught  as 
it  rebounded  from  the  rod.  For  several  .Vs  the  rod  also  was 
allowed  to  recoil  from  the  tendcjti  and  was  caught  by  a  magnet ; 
this  proved,  however,  to  be  unnecessary  refinement,  since  no 
change  was  noticed  in  the  records  when  the  steel  rod  was  clamped 
tightly  against  the  tendons,  and  such  slight  vibrations  as  occurred 
after  the  fall  of  the  pendulum  remained  undamped. 

For  the  bilateral  Achilles  reflex,  the  contact  plate  of  the  signal 
circuit  was  mounted  on  a  thin  strip  of  hard  rubber,  which  was 
placed  against  the  tendons.  The  same  technique  was  followed 
in  eliciting  the  bilateral  patellar  reflex  in  dogs.  A  steel  rod  also 
was  used  for  the  patellar  reflex. 

For  the  unilateral  reflexes  (Achilles  and  patellar)  and  the 
jaw  jerk,  the  procedure  was  like  that  used  for  the  bilateral 
Achilles  in  man  and  the  bilateral  patellar  in  the  dog.  For  uni- 
lateral stimulation,  in  both  of  the  latter  reflexes,  the  hard  rubber 
strip  was  shifted  in  position  so  that  it  rested  only  on  a  single 
tendon  with  the  contact  plate  directly  above  the  tendon.  For  the 
jaw  jerk,  the  contact  jjlate  was  mounted  on  a  small  flat  stri[)  of 
hard  rubber,  which  was  placed  against  the  chin.  In  the  uni- 
lateral patellar  in  man,  the  pendulum  was  allowed  to  fall  on  the 
steel  rod  after  one  leg  had  been  shifted  out  of  contact  with  the 
rod.  A  stimulating  device  like  that  used  for  the  Achilles  was 
later  substituted  for  this  cumbersome  technique,  since  no  notice- 
able change  occurred  in  the  records  when  the  substitution  was 
made.  Most  of  the  data  submitted  below  were  obtained  after 
the  substitution. 

With  bilateral  stinmlation,  jaw  jerk  records  were  taken  suc- 
cessfully from  25  normal  [x.'rsons,  knee  jerk  records  from  17 
normal  persons  and  three  patients  with  lesions  in  nervous  tissue, 
Achilles  records  from  18  normal  i^ersons,  and  knee  jerk  records 
from  four  normal  dogs  and  two  dogs  with  cortical  lesions.  It 
was  not  possible  to  apply  unilateral  stimulation  to  the  jaw  jerk. 
In  the  cases  of  the  other  reflexes,  unilateral  stimulation  on  both 
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the  right  and  left  sides  yielded  knee  jerk  records  on  13  normal 
people,  Achilles  records  on  12  normal  persons,  and  knee  jerk 
records  on  four  dogs.  The  normal  individuals  who  served  as 
6"s  were,  with  the  exception  of  one  stutterer  from  whom  Achilles 
and  patellar  records  were  taken,  right  handed  and  normal  speakers. 
Handedness  was  checked  by  verbal  inquiry;  no  tests  were  admin- 
istered. The  dogs  were  tested  for  handedness  with  a  test  devised 
by  Milisen  (13).  The  dogs,  designated  as  A,  B,  C,  and  D,  were 
left,  ambidextrous,  right,  and  left  handed  respectively. 

Only  those  records  were  read  in  which  the  latency  for  the 
action  current  response  was  clear  cut  and  in  which  the  number  of 
waves  during  the  action  current  volley  for  one  side  did  not  exceed 
the  number  for  the  other  side  by  more  than  six.  The  number 
exceeded  six  only  in  the  human  patellar ;  this  number  was  chosen 
after  inspection  of  the  first  records  taken  showed  that  some  such 
criterion  as  this  would  have  to  be  adopted  to  throw  out  those 
records  in  which  mechanical  artifacts  and  uncontrolled  variables 
in  the  stimulus  situation  distorted  the  records.  With  bilateral 
stimulation,  rejection  of  the  record  for  one  side  threw  out  both 
records.  Except  in  those  cases  where  lesion  abolished  the  crossed 
reflex  in  dogs,  the  ipsilateral  response  was  not  read  unless  accom- 
panied by  the  crossed  reflex. 

In  analyzing  the  records,  one  computed  and  five  direct  meas- 
urements were  made  on  each  reflex  record.  The  measurements 
were :  latency  of  the  reflex,  duration  of  initial  action  current 
wave  measured  to  its  crest,  amplitude  of  the  initial  action  current 
wave,  total  duration  of  the  action  current  pattern  of  the  reflex, 
number  of  waves  occurring  during  the  total  duration  of  the 
action  current  volley,  and  frequency  of  the  action  current  waves. 
Frequency  is  computed  as  the  ratio  between  the  number  of  waves 
and  the  total  duration ;  because  the  total  duration  is  measured  in 
ms.,  this  quotient  is  multiplied  by  1,000  to  reduce  it  to  number 
of  waves  per  second.  All  these  measurements,  with  the  excep- 
tion of  latency  of  the  reflex,  may  be  justified  as  indicators  of  the 
nature  of  the  reflex  pattern,  but  some  of  the  measurements  have 
other  implications. 

The  latency  of  the  reflex  was  defined  as   the   time   elapsing 
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between  the  stimulus  and  the  beij^inning  of  the  rise  of  the  initial 
action  current.  All  measurements  of  time  were  made  to  the 
nearest  .25  ms.  Since  excitation  of  the  cerebral  hemispheres 
lenjjthens  the  normal  latency  (18)  and  removal  of  the  influence 
of  the  hemispheres  shortens  the  normal  latency  (3,  16,  17),  the 
dominance  of  one  hemisphere  over  the  other  might  result  in  a 
lonijer  normal  latencv  of  the  reflexes  controlled  bv  the  dominant 
hemis])here  and  a  shorter  normal  latency  of  the  reflexes  con- 
trolled by  the  non-dominant  hemisphere.  The  latencies  also  were 
checked  for  differences  occurring  between  the  reflexes  elicited  by 
bilateral  simultaneous  stimulation. 

The  duration  of  the  initial  action-current  wave  measured  to 
its  crest  is  of  uncertain  significance.  Lillii'  (9)  has  written: 
"tissues  with  slowlx-  developing  bio-electric  variations  exhibit  a 
slower  rate  of  resjKtnse  and  a  slower  subsidence  of  their  activity; 
the  muscular  twitch,  the  chronaxie,  the  refractory  |)eriod,  and 
the  summation-interval  are  relatively  prolonged  and  the  trans- 
mission is  slo\\' ".  On  the  f)ther  hand.  Erlnnf/rr,  Bisliop,  and 
Casscr  (  4  )  conclude  that  :  "  the  time  constants  of  all  of  the  axon 
waves  in  a  given  ner\e  are  ajjjiroximately  alike  ".  These  workers 
have  demonstrated  also  that  in  a  nerve  made  up  of  axon  fibers 
^vith  (lifTerent  conduction  rates  the  time  to  maximum  of  the 
action  current  taken  from  the  nerve  increases  rapidly  and  prob- 
ably linearly  in  relation  to  the  distance  of  conduction  away  from 
the  point  of  stimulation.  Our  measurements  taken  from  the 
action  current-  of  muscle  might  therefore,  according  to  Lillic, 
be  extended  into  com])arisons  of  conduction  rate,  chronaxie, 
refractory  period,  and  summation  period.  However,  the  find- 
ings of  lirliuujcr.  Hi'sho/^.  and  (ias.wr  with  resi)ect  to  nerve  cast 
some  doul)t  on  the  truth  of  sucli  an  extension  in  the  case  of  action 
currents  from  muscle.  Since,  liowexer,  the  muscle  fibers  are 
innerxated  by  axons  presutnabl\-  of  different  conduction  rates, 
any  similarity  in  durations  from  homologous  muscle  pairs  would 
indicate  a  similar  order  in  the  time  of  discharge  and  a  sinnlar 
anatomical  arrangement  of  the  controlling  axons. 

The  ani]/litu(le  of  the  initial  action  current  was  measured  to 
the  nearest  ..^  mm.  from  the  base  line  of  zero  curreiit  to  the  crest 
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of  the  wave.  Variables  of  which  amplitude  may  be  a  function 
in  our  records  are :  number  of  fibers  reacting,  length  of  the  muscle 
fibers  before  and  at  the  end  of  contraction,  phase  relationships 
between  action  currents  of  individual  fibers,  distance  between 
leads,  and  alteration  of  electrical  resistance  of  the  tissue  or  of 
the  electrodes.  Distances  between  leads  for  homologous  muscle 
pairs  were  matched.  Change  in  resistance  of  electrodes  would 
result  from  evaporation  of  the  saline  solution,  but  approximately 
the  same  amount  of  drying  for  the  two  pairs  of  electrodes  prob- 
ably would  occur  in  the  time  elapsing  after  their  placement  on 
the  muscles.  Other  variables  are  regarded  as  uncontrollable  in 
the  reflex  activity  of  the  intact  animal. 

Total  duration  of  the  action  current  pattern,  number  of  waves, 
and  frequency  of  action  current  waves  were  included  in  analysis 
of  the  records  mainly  because  of  their  dependence  on  the  pattern 
of  reflex  activity.  Total  duration  of  reflex  pattern  was  arbi- 
trarily defined  as  the  period  of  time  between  the  beginning  of 
the  initial  action  current  and  that  terminal  peak  or  trough  after 
which  action  current  activity  of  one  muscle  group  of  a  pair  either 
was  absent  or  was  not  accompanied  by  similar  action  current 
activity  from  the  other  muscle  group  of  the  pair.  In  counting 
the  number  of  waves  each  peak,  trough,  and  sharply  angular  turn 
in  the  action  current  line  was  assigned  unit  value.  The  angular 
turn  was  included  because  it  was  a  function  of  the  pattern,  rather 
than  because  it  had  any  definable  significance. 

Amplitude,  total  duration,  and  frequency  were  also  measured 
because  it  was  hoj^ed  they  would  give  objective  evidence  of  any 
pattern  differences  existing  between  action  current  records  of 
homologous  muscle  pairs.  Pattern  changes  from  the  normal 
have  been  noted  when  reflex  centers  were  released  from  cortical 
control,  namely,  an  increase  in  the  size  and  duration  of  the  action 
currents  (16,  17)  and  a  decrease  in  frequency  (10).  On  the 
assumption  that  the  muscle  groups  controlled  by  the  non-dominant 
hemispliere  are  less  subservient  to  cortical  control  than  those  con- 
trolled by  the  dominant  hemisphere,  one  might  expect  greater 
amplitude  of  the  initial  action  current  wave,  longer  total  duration 
of  the   reflex  pattern,   and  a   lower   frequency   from   the   reflex 
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records  of  the  muscle  groups  on  the  left  side  of  a  riglit  handed 
j)erson  and  on  the  right  side  of  a  left  handed  [>erson. 

///.  Results. 

Cotuparisoji  uf  fyattcrns  and  latcncit's  from  honiologous  muscle 
g'l'oups.  Fig".  1  shows  the  ty[)e  of  records  obtained  with  bilateral 
stimulation.  Tables  I  ami  11  present  data  obtained  from  the 
records.  Records  of  the  jaw  jerk  were  taken  from  25  cases  and 
j)ermit,  therefore,  more  detailed  statistical  analysis  of  dilTerences 
than  was  possible  with  other  retiexcs.  Tal)le  III  shows  Pearson 
product-moment  coetVicients  of  correlation   ranging  from  .55   to 

Table   III.     Corrclalion   cocfjicicitts,  diffcrciici's,  SEufr^-    ^'id   CRs  for 

iiu'tisttroiioits  taken  from   reflex  reeords  of  the 

jaw- jerk  o>i  the  rif/ht  and  left  sides 

Total 
I.ati'iicy     Duratidti  Aniplitudt'   Xumi)or       duration  Froiiucucy 


r 

.55 

.65 

.SO 

.79 

.A3 

.58 

Diff. 

.Of) 

.13 

.43 

.1 

.57 

10. 

SE,nff. 

.18 

.11 

.()7 

> 

.27 

2f). 

CR 

.33 

1.18 

.64 

iso 

2.11 

.3S 

.83  for  measin'emenls  representing  action  current  activity  (jf  the 
two  sides  of  the  body.  These  correlations  were  employed  in 
computing  the  SEs  of  tlu-  differences  for  correlated  measures. 
CRs  were  computed  as  the  ratio  between  a  difference  and  its 
standard  error.  A  ("R  is  arbitraril\-  considered  to  show  a  statis- 
tically significant  difference,  i.e..  one  which  cannot  be  accounted 
for  ])y  chance,  when  its  value  is  three  or  greater  than  three. 
Table  111  shows  one  CR  of  _M  1 ,  one  of  1.18.  and  the  remainder 
are  below    1.0. 

A  series  of  bilaterall\-  elicited  relle.xes  on  the  same  person 
might  contain  records  in  which  there  were  no  differences  in 
latency  and  records  in  which  the  initial  action  current  on  the 
right  side  preceded  that  on  the  left,  or  vice  rersa.  The  dift'er- 
ences  between  the  latencies  were  small,  and  might  lu-  attributed 
to  differences  in  time  in  stimul;iting  the  n'lle.x  and  [o  variable 
differences  in  time  re(|uired  for  the  nervous  impulse  to  course 
through  the  refle.x  arc.      These  small  differences  in  latencv,  and 
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larger  differences,  sometimes  obtained  inadvertently  in  stimu- 
lation of  the  Achilles  unilateraJly,  and  failure  to  check  the 
stimulating  hard  rubber  strip  from  falling  on  the  contralateral 
tendon,  eft'ected  no  noticeable  change  in  the  reflex  pattern  of 
either  side. 

Data  for  comparison  of  bilateral  and  unilateral  stimulation  of 
the  patella  and  x\chilles  in  man  and  the  patella  in  dog  are  con- 
tained in  Tables  II  and  III.  No  consistent  differences  in  pattern 
are  evident  as  a  result  of  the  differences  in  stimulation.  Bilateral 
stimulation  appears,  however,  to  result  in  longer  latencies  than 
unilateral  stimulation.  Although  dogs  A  and  B  are  exceptions, 
this  tendency  has  been  noted  in  many  series  of  records,  repre- 
sented as  averages  in  the  tables.  To  check  this  further,  50  con- 
secutive records  with  unilateral  stimulation  on  the  right  side  and 
50  consecutive  records  with  bilateral  stimulation  were  taken  on 
dog  A.  To  elicit  the  reflexes,  use  was  made  of  a  hard  rubber 
strip  on  which  the  contact  plate  was  fastened,  because  it  was 
believed  this  was  a  simpler  system  with  less  inertia  than  the  steel 
rod  on  which  the  contact  plate  was  placed  and  from  which  the 
plate  was  insulated  by  a  small  bakelite  block.  A  CR  of  7.17  was 
obtained,  which  established  a  statistically  significant  difference 
with  bilateral  stimulation  giving  the  longer  latency. 

Variation  of  stimulus.  The  pattern  of  the  reflex  appeared  to 
be  persistently  recurring,  regardless  of  the  side  of  the  body  from 
which  it  was  taken,  irrespective  of  any  difference  in  latency  that 
might  exist  between  reflexes  of  the  right  and  left  side,  and  inde- 
pendent of  the  conditions  of  unilateral  and  bilateral  stimulation. 
Therefore  an  attempt  was  made  to  vary  the  pattern  by  varying 
the  placement  of  the  stimulus.  In  the  knee  jerk,  the  stimulating 
pendulum  was  moved  two  inches  to  the  left  for  a  series  of  records 
and  then  two  inches  to  the  right  of  the  rod  center  for  another 
series  of  records.  In  the  jaw  jerk,  the  chin  was  struck  first  to 
the  left  of  its  middle  and  then  to  the  right.  It  also  was  antici- 
pated that  this  variation  of  placement  of  the  stimulus  might  have 
a  systematic  eft'ect  on  the  latencies  of  the  two  sides.  The  nearer 
the  stimulus  was  placed  to  the  tendinous  attachment  of  the  muscle, 
the  greater  was  the  intensity  of  the  stimulus  on  that  side  as  com- 
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pared  with  the  side  more  remote  from  the  stimukis.  Intensity 
of  stinuikis  already  has  been  shown  to  have  an  immaterial  effect 
on  latency  in  unilateral  stimulatii)n  (21,  22),  but  its  effect  on 
pattern  had  not  been  explored.  A  change  in  the  temporal  order 
of  excitation  ot  receptors  on  the  two  sides  also  might  have  been 
eft'ected  by  this  change  in  the  stinuilus,  but  this  cannot  be  demon- 
strated and  is  unlikely  if  one  accepts  the  statement  (2)  that  a 
single  and  almost  synchronous  afferent  volley  is  set  up  I)y  percus- 
sion on  the  tendon  in  a  tendinous  reflex. 

The  results  are  presented  in  Tables  IV  and  V ;  the  results  of 
stinuilation  at  a  [x^int  midway  between  the  patellar  tendons  in 
the  knee  jerk  and  at  the  center  of  the  chin  in  the  jaw  jerk  are 
rejxiated  from  Table  I,  but  the  averages  and  SDs  have  been 
changed  slightly  by  the  omission  of  those  .9s  iov  whom  place- 
ment of  the  stinmlus  was  not  varied.  No  evidence  of  consistent 
change  in  pattern  or  latency  has  been  discovered  from  this  table, 
except  that  the  amplitude  is  greater  on  th.e  stinuilated  side. 

Variation  of  central  control.  To  vary  the  central  control,  bi- 
lateral and  unilateral  patellar  reHex  responses  were  rec(3rded 
from  neural  lesion  cases  in  which  the  reHex  of  one  side  was 
released  from  the  influence  of  higher  centers.  These  cases 
included  three  patients  and  two  d(jgs,  C  and  D,  in  the  latter  of 
which  lesions  were  produced  by  electro-cautery  in  the  motor  area 
of  the  dominant  hemisphere.  The  data  for  the  patients  are  pre- 
sented in  Table  VI,  and  for  dog  C  in  Table  VII.  The  averages 
from  records  of  the  second  dog  are  omitted,  but  such  changes  as 
occurred  will  be  described.  A  spinal  transecti(jn  at  the  up^xir 
lumbar  level  was  performed  on  dog  C,  and  data  froiu  records 
taken  after  the  operation  also  are  presented  in  Table  VII. 

Patient  WA  had  suffered  u[)per  motor  neuron  lesions  in  the 
left  hemisphere;  patients  ST  and  HA  were  right  and  left  sided 
hemiplegics  respectively.  The  side  affected  by  the  lesion  showed 
in  each  case  a  shorter  latency,  a  larger  number  of  waves,  a  longer 
total  duration  oi  action  current  pattern,  and  a  higher  frecpiency 
of  action  currents;  these  characteristics  were  inde[xindent  of  the 
inrtliod  of  stimulation.  The  differences  between  the  latencies 
were,  however,  increased  by  l)ilateral  stimulation  in  patients  WA 
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and  ST  and  very  materially  decreased  l)y  bilateral  stimulation  in 
patient  MA. 

The  patterns  of  reflexes  of  the  rij^ht  and  left  sides  were  not 
markedly  altered  allhoui^h  the  number  of  waves,  total  duration, 
and  frecjuency  were  chanj^ed.  Hie  pattern  of  the  afifected  side 
retained  a  semblance  of  the  [jattern  of  the  unaffected  side. 
Vig.  2a  demonstrates  these  points  with  a  record  from  patient  ST. 

In  the  two  do.i^s,  the  j)attern  was  changed  from  the  normal,  but 
the  unilateral  lesion  appeared  to  result  in  a  bilateral  change,  which 
did  not  alter  the  simil;u"ity  between  [jatterns  of  the  two  sides. 
The  number  of  waxes  was  increasd  on  both  sides,  but  the  total 
duration  did  not  vary  sii^nihcantly  from  the  n(jrmal ;  the  fre- 
cjuenc}-  of  action  current  waves  consequently  was  increased  by  the 
experimental  lesion,  b'i^.  2n  shows  the  increase  in  fre(juency. 
As  shown  in  'I'able  \'II.  both  the  number  of  waves  and  the 
freriuency  ajjjjroach  the  normal  values  with  the  passage  of  time. 
The  results  were  similar  when  obtained  with  unilateral  stimu- 
lation. 

Table  YHI  shows  a  tendency  for  the  right  latency  to  be 
shorter  than  the  left  after  the  lesion  in  the  left  hemisphere.  This 
difference  in  lateticies  was  not  present  either  in  the  records  taken 
with  unilateral  stimulation  or  m  the  records  taken  form  the  sec- 
ond dog  after  cortical  lesion. 

After  spinal  transection,  the  latencies  were  lowered,  the  dura- 
tion of  the  initial  action  current  to  the  crest  and  the  total  duration 
increased,  and  the  frc'(|uency  decreased.  The  similarity  of  pat- 
tern between  the  two  sides  remains,  since  a  change  on  one  side 
was  paralleled  1)\'  the  same  change  on  the  ojvposite  side. 

I'anation  in  rccordiiu/  from  effectors.  When  needle  elec- 
trodes are  used  in  recording  muscular  response,  the  intention  of 
E  is  to  reduce  tlie  area  of  the  muscle  from  wliich  he  picks  up 
electrical  activity.  Adrian  (1)  has  shown,  in  comparing  records 
in  which  the  size  of  the  electrodes  and  the  distance  between  them 
was  \aried,  that  with  large  electrodes  the  response  is  an  average 
from  the  whole  muscle,  but  that,  with  small  electrodes,  the  inter- 
polar  field  is  much  more  sharjjly  dehned  and  a  few  fibers 
responding  out   of   phase   with   the  remainder   will   have  a  much 
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t^reater  effect  on  the  total  response.  Forbes  and  Barheau  (5) 
aijree  tliat  insertion  of  needle  electrodes  into  the  muscle  causes 
a  relative  increase  in  the  jiart  ])layed  by  fibers  with  which  they 
come  most  nearly  in  contact.  However,  since  action  current 
records  were  obtained  with  needle  electrodes  in  a  muscle  at  rest, 
while  its  antajj^onist  was  stimulated  throu^di  its  motor  nerve, 
these  lis  contend  that  the  influence  of  other  fibers  in  the  limb 
is  not  excluded. 

Our  records  were  obtained  from  the  riijhl  and  left  qtiadriceps 
femoris  imiscles  of  dot^s  durinj.,^  refle.x  activity.  The  pairs  of 
needles  were  ])laced  about  one  cm.  a])art  and  at  liomologous  points 
in  the  nniscles.  in  so  far  as  this  was  jiossible  when  the  selection 
of  ]M tints  for  insertion  was  made  from  the  surface  of  the  skin 
covering  the  nniscles.  In  conijiariiiiL;  Table  \'III  with  Table  II, 
we  note  an  increase  in  number  of  waves  and  in  fre<|uencv  as  a 
result  of  usiiii;  needle  electrodes.  'i1iis  increase  was  interpreted 
as  supi)ort  of  Adrian's  statement  t'hat  a  few  fibers  responding  out 
of  j)hase  with  the  rest  will  have  a  much  greater  effect  on  the 
total  response  when  small  electrodes  are  used.  The  records  from 
homologous  ])airs  were,  hov\ever,  similar  in  pattern.  Similarity 
must  have  depended  on  placement  of  electrodes  at  approximately 
homologous  points  in  the  muscle  ])airs;  heterologous  placement 
would  result  in  contact  with  motor  units  discharging  at  different 
times  in  the  two  muscles  and  conseqtiently  ])hase  differences  would 
distort  the  pattern.  Since,  however,  needle  electrodes  also  aver- 
age the  effect  of  more  remote  fibers,  some  resemblance  between 
records  from  homologous  muscle  pairs  would  be  maintained 
regardless  of  the  exact  jjlacement  of  the  electrodes. 

It  also  will  be  noted  in  comparing  'fables  \  III  and  II  that  the 
latencies  obtained  with  needle  electrodes  are  longer  than  any 
obtained  with  surface  electrodes.  This  may  result  from  the 
longer  time  required  for  the  jiotential  from  a  smaller  area  of  the 
muscle  to  assume  the  magnittide  necessary  for  recording  in  con- 
junction with  the  differences  in  the  times  of  discharge  of  the 
motor  units  in  the  reflex.  With  resjK'ct  to  the  latter  fact,  the 
volley  C)f  reflex  impulses  may  have  a  tem]>oral  dispersion  of 
3  ms.  or  longer    (2).     Probably  those  motor  units  nearest  the 
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needle  electrodes  would  by  chance  more  frequently  be  later  in 
this  3  ms.  period  than  the  earliest  discharging  motor  units  picked 
up  by  the  much  larger  surface  electrodes. 

The  crossed  reflex.  When  the  patellar  reflex  in  the  dog  is 
elicited  unilaterally,  the  ipsilateral  response  is  frequently  accom- 
panied by  a  crossed  response  identical  in  direction  of  movement 
with  the  patellar  reflex.  Sherrington  (23)  has  recorded  the  same 
phenomenon  in  decerebrate  cats.  The  identical  crossed  response 
is,  however,  according  to  Sherrington,  a  function  of  the  intensity 
of  the  stimulus  administered  to  the  opposite  side;  a  weak  stimulus 
excites  a  crossed  reflex  identical  with  the  reflex  of  the  stimu- 
lated side,  but  a  strong  stimulus  results  in  an  antagonistic 
crossed  reflex.  Although  a  crossed  response  does  not  always 
appear  in  our  records,  contralateral  flexion  was  never  noted  and, 
for  an  uncontrolled  and  varying  intensity  fo  stimulus,  contra- 
lateral extension  was  frequently  elicited.  The  most  obvious  and 
probably  most  significant  difference  between  Sherrington's  tech- 
nique and  ours  is  that  his  records  were  taken  from  decerebrate 
animals,  whereas  ours  were  taken  from  intact  animals.  A  second 
difference  between  the  results  obtained  and  the  techniques  em- 
ployed was  the  elicitation  of  ipsilateral  inhibition  of  extensors 
by  direct  stimulation  of  the  peroneal  nerve  in  Sherrington's  rec- 
ords and  the  elicitation  of  ipsilateral  excitation  by  indirect  stimu- 
lation in  our  records.  These  differences  in  technique  probably 
are  related  to  the  differences  in  results  obtained. 

Sherrington  also  noted  from  his  myograms  that  the  contra- 
lateral response  was  weaker  than  the  ijisilateral.  We  found  it 
necessary  in  order  to  record  this  reflex  to  remove  from  the  cir- 
cuit all  the  resistance  which  ordinarily  was  introduced  to  keep 
the  amplitude  of  the  action  current  waves  within  the  limits  of 
the  width  of  the  35  mm.  paper.  Because  the  removal  of  the 
resistance  left  the  two  action  current  recording  units  no  longer 
matched  for  amplitude,  no  measurements  of  amplitude  were  made 
for  comparison  between  the  ipsilateral  and  crossed  reflex. 

Table  IX  presents  measurements  of  the  ipsilateral  reflex 
response  and  the  crossed  reflex  response.  The  average  latencies 
of  the  crossed  response  are  always  longer  than  those  of  the  ipsi- 
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lateral  response.  In  the  individual  records,  the  difference  be- 
tween the  latencies  ranged  from  zero  to  4.5  ms. 

No  other  consistent  differences  in  the  measurements  made 
were  noted.  The  pattern  of  the  crossed  reflex  is  similar  to  and 
often  synchronized  with  the  pattern  of  the  ipsilateral  reflex,  as 
shown  in  Fig.  3a. 

A  crossed  Achilles  reflex  was  elicited  in  two  6's  after  a  short 
period  of  bilateral  stimulation.  This  reflex  from  the  unstimu- 
lated side  is  doubtless  comparable  to  IV emit' s  crossed  patellar 
reflex  (25)  elicited  after  a  similar  period  of  bilateral  stimulation. 
An  action  current  record  of  the  crossed  Achilles  is  presented  in 
Fig.  3b.  The  latency  of  this  response  is  longer  than  the  latency 
of  the  stimulated  side,  but  the  pattern  is  similar. 

IV.  Discussion.  The  absence  of  significant  differences  be- 
tween latencies  or  characteristics  of  the  action  current  pattern 
suggests  the  absence  of  consistent  differences  between  reflexes  of 
the  two  sides  of  the  body.  Substantiation  of  the  hypothesis 
introduced  at  the  beginning  of  this  paper  would  have  necessitated 
a  longer  latency  on  the  right  side  of  right  handed  individuals, 
since  presumably  the  normal  inhibitory  effect  of  the  cerebral 
hemispheres  upon  latency  would  be  greater  from  the  controlling 
or  left  hemisphere.  Records  from  individuals  reveal  no  con- 
sistent trends  in  this  direction,  nor  do  the  averages  of  average 
records  from  individuals.  Measurements  which  upon  the  basis 
of  previous  experiments  might  have  been  expected  to  show  dif- 
ferences between  the  sides  were:  amplitude  of  initial  action  cur- 
rent, total  duration  of  action  current  pattern,  and  frequency. 
These  measurements  have  not  revealed  differences  between  the 
right  and  left  sides. 

If,  however,  the  gradient  between  the  two  hemispheres  or  the 
control  which  the  hemispheres  exert  over  the  reflex  centers  is 
increased  by  unilateral  lesion,  differences  in  both  latency  and  pat- 
tern become  evident.  The  latency  of  the  reflex,  released  from  the 
control  of  its  hemisphere,  is  shortened  and  the  total  duration  of 
the  pattern  is  lengthened  in  humans.  This  is  in  accord  with 
previous  findings  (7).  That  amplitude  of  the  initial  action  cur- 
rent wave  is  not  increased  on  the  affected  side,  as  might  have  been 
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anticipated  from  previous  work,  is  not  significant  since  the  ampli- 
tude of  onlv  one  wave  of  the  pattern  w^as  measured.  The  increase 
in  frequency  on  the  affected  side  in  humans  and  on  both  sides  in 
the  dog  is,  however,  in  direct  contradiction  to  the  findings  of 
Lindsley  (10).  He  cauterized  the  dominant  hemisphere  of  rats 
and  described  the  frequency  on  the  affected  side  as  decreased 
from  the  normal.  His  data  show,  however,  that  the  frequencies 
on  the  unaffected  side  are  increased  after  the  o])eration ;  this  part 
of  his  data  is  in  accord  with  our  findings  on  dogs.  The  resolu- 
tion of  the  discrepancy  between  our  results  is  probably  dependent 
upon  further  research. 

If  there  are  no  significant  differences  between  the  patterns 
from  homologous  nmscle  pairs,  it  follows,  if  the  scope  of  the 
measurements  is  wide  enough,  that  there  is  very  great  similarity. 
Inspection,  as  well  as  measurement,  shows  that  with  bilateral 
stimulation  the  records  from  symmetrical  muscles  not  only  may 
be  similar,  but  that  often  they  appear  to  be  synchronized.  It  has 
been  demonstrated  that  this  similarity  may  exist  when  the  condi- 
tions of  elicitation,  central  control,  and  means  of  recording  from 
the  effectors  are  varied. 

If  the  picture  of  the  reflex  as  ])resented  by  Creed,  Dciiiiy- 
Brozvn,  Ecclcs,  Liddcil,  and  Shcrriiu/tou  is  acce])ted,  the  follow- 
ing scries  of  events  occur:  "when  the  tendon  of  a  muscle  is 
drawn  upon  very  suddenly  as,  for  instance,  by  a  taj)  at  some 
jMiint  where  it  is  not  supported  by  underlying  bone,  e.g.,  the 
patellar  tendon  as  it  passes  over  the  knee-joint,  or  the  Achilles 
tendon  at  the  ankle,  a  number  of  tension  receptors  are  subjected 
to  a  sudden  brief  stretch,  so  that  they  send  to  the  cord  an  almost 
synchronous  volley  of  nerve-impulses,  which.  l)y  summation  of 
central  excitatory  states  excite  a  number  of  motoneurones  to 
discharge  "  ;  "  the  volley  of  reflex  impulses  has  a  temporal  dis- 
I)ersion  sometimes  of  three  sigma  or  longer";  "each  moto- 
neurone  innervates  on  the  average  rather  more  than  one  hundred 
muscle-fibers  ". 

Similarity  of  reflex  records  from  the  two  sides  of  the  body 
indicates  similarity  of  this  complicated  course  of  events  from 
initiation  to  muscular  contraction.     The  implication  is  that  the 
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motoneurons  are  similarly  distributed  anatomically  and  that  they 
discharge  in  a  similar  temporal  order.  The  temporal  order  of 
discharge  is  dependent  upon  the  rate  at  which  the  central  excita- 
tory state  develops.  A  central  excitatory  state  is  built  up  by  the 
arrival  of  excitatory  impulses.  Since  the  number  of  afferent 
fibers  stimulated  is  controlled  by  the  strength  of  the  stimulus,  the 
rate  of  development  of  the  central  excitatory  state  should  be 
altered  by  a  stronger  stimulus,  and  the  temporal  order  of  dis- 
charge of  the  motoneurons  changed.  Changing  the  intensity  of 
the  stimulus  does  not,  however,  significantly  alter  the  pattern, 
although  it  increases  the  amplitude  of  the  initial  action  current 
and  probably,  therefore,  the  number  of  motoneurons  excited. 
This  fact  seems  to  oppose  the  theory  presented  above  concerning 
the  course  of  the  reflex.  A  test  more  crucial  than  varying  the 
intensity  would  be  variation  of  the  pattern  of  stimulation  of 
afferent  neurons,  which  would  be  possible  with  an  electrical 
stinuilus  in  which  the  rate  of  change  of  the  stimulating  current 
was  a  controlled  variable. 

Wendt  has  shown  that  the  integrating  paths  from  the  receptors 
for  a  reflex  of  one  side  to  the  contralateral  eft'ectors  for  the 
same  reflex  are  of  relatively  low  resistance.  The  frequency  of 
occurrence  of  the  crossed  patellar  response  in  dogs,  and  the 
occasional  presence  of  the  crossed,  unstimulated  Achilles  response 
after  a  period  of  bilateral  stimulation  in  human  5's,  may  be 
presented  as  additional  evidence  that  the  pathways  are  of  low 
resistance.  Anatomical  interconnection  makes  functional  inter- 
action possible.  Bilateral  and  approximately  simultaneous  stimu- 
lation has  resulted  in  many  cases  in  longer  latency  than  unilateral 
stimulation.  The  exceptions  to  the  lengthening  of  latency  might 
be  accounted  for  by  the  uncertainty  of  the  instant  of  application 
of  the  stimulus  adequate  for  elicitation  of  the  reflex,  i.e.,  the 
stretching  of  the  muscle.  This  result  should  be  checked  with 
electrical  elicitation  of  the  reflexes,  since  time  of  application  of 
the  electrical  stimulus  is  subject  to  more  rigid  control  than  the 
mechanical  stimulation  used  in  this  study.  If  the  latency  con- 
tinued to  be  longer  for  simultaneous  than  for  successive  elicita- 
tion of  the  reflexes  of  homologous  muscle  pairs,  more  conclusive 
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evidence  would  be  at  liand  concerning  interaction  between  the 
reflexes. 

That  the  crossed  patellar  response  in  dogs  may  be  of  the  same 
latency  as  the  ipsilateral  response  allows  a  conclusion  to  be  drawn 
concerning  the  number  of  neurons  in  the  ipsilateral  patellar 
reflex  arc  unit.  Jolly  (8)  believed  that  two  neurons  were 
involved  in  the  arc  with  a  single  synapse  interj)Osed  between 
them,  fiiltiui  (6)  comments,  concerning  yo//3'",s- conclusion,  that 
to  attenijjt  to  infer  the  numl)er  of  synapses  traversed  from  a 
finite  time  interval.  <\//..  two  sigma,  Jolly's  '  reduced  reflex  time  ', 
is  pure  sjK-culation.  That  a  tendon  reflex  may  involve  only  two 
neurons  still,  however,  finds  its  way  into  textbooks   (6,   11,  14). 

The  conclusion  here  is  drawn  that  the  patellar  reflex  arc 
involves  at  least  three  neurons.  This  conclusion  rests  upon  two 
assumptions  :  (  1  )  that  the  contralateral  reflex  reciuires  an  inter- 
nuncial  neiu'on,  and  (2)  that  there  is  a  delay  of  neural  conduction 
at  the  synapse.  For  the  first  assumption,  we  have  the  authority 
(,f  Creed.  Dciuiy-Hvin^'u,  licclcs,  Liddcll,  and  Shcrriufjion  (2)  : 
"  according  to  current  anatomy  none  of  the  afiferent  root  fibers 
or  their  collaterals  tresjjass  across  the  median  longitudinal  plane 
of  the  cord;  a  crossed  reflex  effect  therefore  involves  always  an 
internuncial  neurone."  For  the  second  assumption,  a  recent 
experiment  by  Lorcuic  dc  Xo  (12),  with  two  pathways  of  equal 
length  and  conduction  rate,  and  a  synapse  in  one  of  the  pathways, 
has  shown  this  delay  to  measure  from  .50  to  1.36  ms.  and 
roughly  to  be  in  inverse  relation  to  the  strength  of  the  stimulus. 
It  follows,  therefore,  that,  if  the  i])silateral  reflex  may  have  the 
same  latency  as  the  crossed,  it  nuist  have  the  same  number  of 
synapses.  Since  the  contralateral  reflex  is  believed  to  have  at 
least  three  neurons,  the  ipsilateral  jjatellar  must  also  have  at 
least  three  neurons. 

The  measurement  of  jaw  jerk  latency  in  the  normal  human 
being  is,  to  the  best  of  our  knowledge,  the  first  to  api:)ear  in  the 
literature.  The  action  current  resjionse  is  of  |K'Culiar  interest 
since  the  gross  movement  response  is  usually  not  perceptible  to 
either  .V  or  /:.  The  following  statement  from  the  American 
Medical     Dictionary     undoubtedlv     refers    to    gross    movement 
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response :  "  it  is  seen  only  rarely  in  health,  but  is  very  noticeable 
in  sclerosis  of  the  lateral  columns  of  the  cord." 

V.  Summary.  Action  current  records  of  simultaneous  bilateral 
reflex  responses  were  taken  from  the  quadriceps  femoris,  gastroc- 
nemius and  masseter  muscles.  Records  were  taken  from  both 
normal  and  neurological  cases.  The  records  were  analyzed  in 
regard  to  latency,  duration  of  the  initial  action  current,  total 
duration  of  the  reflex  pattern,  number  of  waves  occurring  during 
total  duration,  and  frequency  of  action  currents. 

1.  No  significant  differences  in  latency  and  pattern  of  records 
from  homologous  muscle  groups  in  normal  .9s  were  discovered. 
The  differences  that  did  exist  gave  no  demonstrable  correlation 
with  handedness. 

2.  There  was  a  marked  similarity  between  the  reflex  patterns 
of  two  homologous  muscles.  This  similarity  was  found  to  occur 
independent  of  the  following  factors:  (a)  conditions  of  bilateral 
and  unilateral  stimulation;  (b)  differences  in  latency  between 
action  current  responses  from  the  right  and  left  sides  of  the 
body;  (c)  placement  and  intensity  of  the  stimulus  as  it  was 
directed  and  divided  between  the  two  sides  of  the  body;  (d)  uni- 
lateral lesions  of  the  higher  centers  of  the  central  nervous 
system;  (e)  spinal  transection;  (f)  variation  in  size  and  intimacy 
of  contact  of  electrodes  with  the  effectors,  as  determined  by  the 
substitution  of  needle  electrodes  for  brass-strip  electrodes  ;  (g)  the 
passage  of  the  effect  of  the  stimulus  applied  unilaterally  to  the 
effectors  of  the  opposite  side  of  the  body  (as  in  the  crossed 
patellar  reflex  of  the  dog  and  the  crossed  Achilles  reflex  of  man). 
This  similarity  of  pattern  was  interpreted  as  indicating  similarity 
in  anatomical  arrangement  of  all  units  involved  in  the  reflex  and 
similarity  in  the  temporal  functioning  of  these  units. 

3.  Evidence  was  obtained  that  the  reflex  on  one  side  influ- 
ences the  same  and  concurrent  reflex  on  the  opposite  side, 
lengthening  the  latency.  Establishment  of  this  effect  of  bilateral, 
simultaneous  stimulation  is  dependent  upon  exact  timing  of 
administration  of  the  stimulus.  The  effegt  was  interpreted  to 
mean  that  there  is  functional  interaction  between  two  homologous 
reflexes  simultaneously  elicited. 
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4.  Both  latency  and  pattern  of  the  reflex  resp(^)nse  of  the 
affected  side  may  be  ahered  by  unilateral  neural  lesion  of  the 
higher  centers.  It  therefore  is  probable  that,  although  the 
gradient  between  the  normal  control  of  the  right  and  left  hemi- 
spheres over  the  reflex  centers  a{)i)ears  not  to  be  manifest  in  action 
current  reflex  records,  this  gradient  so  may  be  increased,  by 
lesions  to  one  side,  as  to  be  reflected  in  reflex  records. 

5.  In  dogs,  the  patellar  reflex  of  the  unstimulated  side  was 
ec|ual  to  or  long'er  than  the  patellar  refle.x  on  the  stimulated  side. 
Equality  of  latency  between  ipsolateral  and  crossed  reflexes  was 
interpreted  as  evidence  that  the  patellar  reflex  arc  unit  has  at 
least  three  neurons,  rather  than  two,  as  has  sometimes  been 
asserted. 

6.  The  action  current  latency  of  the  jaw  jerk  of  tiormal  i)er- 
sons  was  determined. 
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Tin:  i<:ffect  of  training  upon  the  handed- 
ness PREFERENCE  OF  THE  RAT  IN 
AN  EATING  ACTIVITY 

by 
Robert  Milisen 

/.  Inlrodiictiiiii.  During  the  last  ten  years  the  plienomenon 
f)f  sidedness  has  become  of  increasing  interest  because  of  its 
possible  relationship  to  stuttering,  reading,  and  s[)elling  dis- 
abihties.  There  is  disagreement  as  to  the  importance  of  sided- 
ness in  these  disorders,  yet  enough  evidence,  both  cHnical  and 
ex[x;rimental,  has  been  offered  to  make  it  desirable  to  investigate 
more  fully  here  the  basic  factors  iniderlying  one  aspect  of  sided- 
ness, namely,  handedness. 

It  is  obvi(His  that  studies  (;f  handedness  in  human  vS's  involve 
limitations  due  to  inadequacy  of  case  history  reports,  difficulties 
inherent  in  the  task  of  measuring  '  native  '  and  trained  handed- 
ness, and  the  difficulties  of  controlling  the  handedness  factor 
sufffciently   for  experimental  purjxjses. 

Oates  (2)  reports  the  work  of  Lcii/is.  the  only  attempt  to  study 
experimentally  the  influence  of  shifting  handedness  in  human 
beings.  He  shifted  1-  subnormal  children  from  the  right  to  the 
left  hand  and  after  five  months  all  12  developed  stuttering.  After 
tile  left  handed  training  was  abandoned,  stuttering  disappeared 
in  all  cases.  1  le  did  not  attempt  to  determine  how  complete  the 
shift  had  been. 

J'etcrsdii  (3)  reiK)rts  an  attempt  to  stud\-  the  effect  of  environ- 
mental influence  upon  handedness  by  l)inding  the  preferred  hand 
ol  the  rat.  Me  did  not  succeed  in  changing  handedness  bv  this 
method. 

7"-sya/  and  Maurcr  (4 )  were  the  first  to  report  the  fact  that  rats 
have  handedness.  They  also  indicated  that  a  lack  of  vitamin  B 
in  llie  diet  seemed  to  develop  a  tendency  toward  left  handedness. 

2.34 


HANDEDNESS  PREFERENCE  OF   THE  RAT  235 

The  question  as  to  whether  handedness  preference  is  the  resuh 
of  training  or  of  native  pre-disposition  has  been  important  to 
workers  in  the  field  of  lateraHty  for  some  years  but  thus  far 
no  intensive  study  of  the  type  described  in  this  paper  has  been 
reported. 

The  purpose  of  this  study  is  to  show  experimentally  some  of 
the  influences  of  training  upon  handedness  preference  in  the  rat. 
As  presented,  it  must  be  considered  a  preliminary  report.  While 
the  number  of  rats  used  in  this  experiment  precludes  definite  con- 
clusions, the  trend  of  results  is  definite  enough  to  justify  early 
presentation.  An  attempt  will  be  made  to  answer  the  following 
questions :  ( 1 )  can  handedness  be  explained  merely  on  the  basis 
of  habit  formation?  (2)  is  handedness  more  difficult  to  influ- 
ence in  older  than  in  younger  rats?  (3)  is  the  handedness  of  the 
female   rat  more  easily  influenced  than   that   of   the   male   rat? 

(4)  does  peripheral  deficiency  influence  handedness  preference? 

(5)  does  the  circular-cage  test  used  in  this  study  measure  ade- 
quately the  effect  of  training  which  the  rats  receive  in  the  train- 
ing cage?  (6)  what  variations  in  handedness  appear  as  a  result 
of  training? 

//.  Apparatus.  Two  test  cages  and  one  type  of  training  cage 
were  used.  The  first  test  consisted  of  a  circular  cage  with  base 
one  foot  in  diameter  and  sides  cylindrical  in  shape  and  10  in. 
high.  A  vial  was  set  in  the  center  of  the  bottom  of  the  cage. 
The  mouth  of  the  vial  protruded  about  %  in.  above  the  plane 
of  the  bottom.  The  size  of  the  mouth  of  the  vial  was  such  that 
the  rat  could  obtain  food  only  by  reaching  with  one  hand. 

The  training  cages  were  composed  of  square  passageways 
about  8  in.  long  placed  side  by  side.  They  varied  in  size 
with  the  age  and  size  of  the  rats.  The  passages  were  large 
enough  to  permit  the  rat  to  crawl  in  without  being  too  crowded, 
but  too  small  to  allow  it  to  turn  around  while  in  the  cage.  A 
slit  approximately  ^  in.  wide  was  cut  in  the  base  of  the  passage 
either  on  the  extreme  right  or  left  side.  Beneath  the  slit  was 
placed  a  trough  of  finely  crushed  bread,  making  it  necessary  for 
the  rat  to  reach  through  the  slit  to  get  the  bread. 

The   second  handedness  test  used   in   this   study  required  an 
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apparatus  whidi  resembled  the  sliai>e  nnd  size  of  the  training 
cages.  The  essential  difference  from  the  construction  of  the 
training  cages  was  the  placement  of  the  slit  in  the  base,  which 
(in  the  testing  cage)  ran  transversely  across  the  passage  instead 
of  jiarallel  to  it  as  in  the  training  cages. 

///.  Procedure.  All  rats  were  forced  to  eat  from  the  training 
cage.  'J'he  daily  number  of  food  prehensions  by  each  rat  fell 
between  the  extremes  of  300  and  500.  Thus  10,000  prehensions 
j)er  month  for  every  rat  in  the  training  cage  would  be  a  minimum 
estimate  of  the  amount  of  one-handed  training. 

In  order  to  note  the  effect  of  this  training,  all  rats  were  tested 
at  intervals  of  about  one  month.  A  modification  of  the  technique 
of  Tsai  and  Maurer  (4)  was  used.  In  this  test  a  rat  was  placed 
in  the  circular  cage  and  allowed  to  make  50  prehensions  from  the 
vial.  The  prehensions  were  tabulated  according  to  hand  used. 
The  motor  set  of  the  rat  was  disturbed  by  pushing  it  away  from 
the  vial  after  every  five  prehensions.  By  this  method  the  influ- 
ence of  ])osition  and  fatigue  uj)on  handedness  preference  was 
largely  eliminated.  Hereafter  this  test  will  be  referred  to  as  the 
'  circular-cage  test'.  A  careful  check  was  made  upon  all  the  rats 
by  the  use  of  this  test,  and  special  attention  was  paid  to  rats  that 
did  nc)t  show  any  change  in  handedness  resulting  from  their 
training  in  the  training  cage. 

//'.  Results.  The  rats  used  in  this  experiment  were  divided 
into  five  groups. 

1.  Nine  male  rats,  one  year  of  age,  were  tested  for  handed- 
ness preference  and  then  forced  to  eat  in  a  training  cage  with  the 
non-preferred  hand  for  nine  months.  All  these  rats  retained  their 
original  handedness  in  spite  of  nine  months  training  of  the  non- 
I)referred  hand. 

2.  Six  male  and  seven  female  rats,  age  three  months,  were 
selected  at  random  and  compelled  to  feed  with  their  left  hands 
in  the  training  cage  for  three  months.  Their  handedness  prefer- 
ence was  tested  only  after  they  had  been  eating  with  the  left 
hand  in  the  training  cage  for  one  month.  This  test  revealed  that 
fnur  males  and  five  females  were  left  handed,  and  that  two  males 
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and  two  females  were  still  right  handed.  The  same  results  were 
obtained  for  the  tests  on  the  second  and  third  months.  At  the 
end  of  the  third  month,  all  rats  were  forced  to  eat  with  their 
right  hands.  Two  females  died  before  the  fourth  test  was  given 
on  the  fourth  month.  One  of  four  left  handed  males  shifted 
completely  to  the  right  hand.  Two  of  the  three  left  handed 
females  shifted  to  the  right  hand.  In  one,  the  shift  was  complete 
and  in  the  other  the  shift  was  more  than  half  complete.  The 
tests  after  the  second  and  third  months  yielded  the  same  results, 
except  that  the  partially  shifted  female  became  more  thoroughly 
right  handed. 

3.  One  female  and  four  male  rats,  three  months  of  age,  were 
tested  by  10  prehensions  of  food  in  the  circular-cage  test  before 
being  placed  in  the  training  cage.  This  test  revealed  that  three 
males  and  one  female  rat  were  right  handed  and  one  male  rat 
was  ambidextrous.  These  rats  were  placed  in  the  training  cage 
and  were  forced  to  eat  with  their  left  hands.  After  a  month 
they  were  tested ;  one  male  and  one  female  had  become  ambi- 
dextrous and  three  males  remained  right  handed.  The  test  at 
the  end  of  the  second  month  show'ed  that  two  male  rats  had 
shifted  to  complete  right  handedness.  The  two  males  that  had 
shifted  to  the  left  hand  retained  their  left  handedness  and  one 
right  handed  male  became  partially  ambidextrous  (this  change 
was  contrary  to  the  training).  The  remaining  right  handed  male 
remained  right  handed.  The  test  results  for  the  fourth  month  of 
right  handed  training  were  the  same  as  those  for  the  third  month. 

4.  Five  male  and  four  female  rats,  23  days  of  age  (just  after 
weaning),  were  selected  at  random.  They  were  forced  to  eat 
with  their  left  hands  in  the  training  cage  for  two  months  and 
were  tested  after  one  month  of  training.  At  this  time,  there 
were  four  left  handed  males,  three  left  handed  females,  one  right 
handed  female  and  one  ambidextrous  male.  The  test  results  for 
the  second  month  were  the  same.  Following  this  test  all  rats 
were  forced  to  eat  with  the  right  hand  in  the  training  cage  for 
four  months.  At  the  end  of  the  third  month  of  right  hand  train- 
ing, four  left  handed  male  rats  were  left  handed,  and  one  ambi- 
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dextrous  male  shifted  completely  to  the  ri<;ht  hand.  Two  of  the 
three  left  handed  females  shifted  completely  to  the  rii^ht  hand 
and  the  one  ri.^ht  handed  female  remained  right  handed.  The 
test  for  the  fourth  month  yielded  the  same  results. 

5.  Two  male  and  two  female  rats,  age  three  months,  were 
tested  for  handedness  and  the  middle  hnger  of  the  preferred 
hand  was  removed.  The  rats  were  not  placed  in  the  training 
cage  hut  were  allowed  to  eat  with  the  stock  rats.  They  were 
tested  a  month  after  the  operation  and  again  four  months  after 
the  operation.  All  rats  in  this  group  retained  their  original  hand 
preference  in  hoth  tests. 

V.   Discussion. 

Con  handedness  he  explained  merely  on  the  biisis  of  liabif 
formation.^  If  hand  jjreference  in  rats  is  to  be  exj)lained  entirely 
on  the  basis  of  habit  formation,  one  w(juld  ex[>ect  that  (  1  )  suf- 
ficient training  will  change  original  hand  preference;  (2)  indi- 
viduals whose  entire  unimanual  feeding  activity  since  l)irth  has 
been  with  one  hand  will  exhibit  a  preference  for  that  hand; 
(3)  the  amount  of  shift  should  be  proportional  to  the  amount 
of  training;  and  (4)  one  should  l)e  able  to  shift  and  re-shift  in 
terms  of  direction  of  training. 

These  four  conditions  are  not  fulfilled.  In  group  1,  nine  male 
rats,  age  one  year,  were  forced  to  use  their  non-preferred  hands 
for  nine  months  (more  than  90.000  ])rehensions  \>ev  rat).  At 
the  end  of  all  this  training  the  rats  still  j)referred  to  use  the 
originally  preferred  hand.  In  other  words,  we  might  say  that 
the  rats  were  forced  to  eat  with  the  non-preferred  hand  for  a 
quarter  of  the  life  span  without  shifting  to  that  hand.  This 
ap]>ears  to  be  sufiicient  training  to  change  handedness  if  handed- 
ness is  due  to  habit  formation  alone. 

In  group  4,  nine  rats  were  forced  to  eat  with  the  left  hand 
immediately  following  weaning.  This  probably  was  the  first 
consistent  and  i)uriK)seful  iniimaiuial  activity  in  which  these  rats 
had  participated.  After  they  ate  with,  their  left  hands  for  one 
month,  they  were  tested;  one  rat  was  right  handed  and  another 
ambidextrous,  while  seven  were  left  handed.  After  10,000  pre- 
hensions each,   the   rats  again   were  tested   and  the   results   were 
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identical  with  the  first  test.  If  handedness  were  due  to  training 
alone,  all  the  rats  whose  entire  unimanual  feeding  activity  since 
birth  had  been  with  the  left  hand  should  use  that  hand  when 
placed  in  a  hand  preference  situation.  Two  of  the  nine  rats 
persisted  in  choosing  the  right  hand  in  spite  of  the  left  hand 
training;  hence  they  present  another  exception  to  any  explanation 
in  terms  of  habit  formation  alone. 

In  habit  formation  the  amount  of  shift  should  be  proportional 
to  the  amount  of  training.  In  the  nine  year-old  rats,  no  amount 
of  training  brought  even  the  slightest  shift.  In  the  majority  of 
young  male  rats  a  shift  was  impossible  in  spite  of  three  months 
or  more  of  training.  In  one  female  and  two  male  rats  a  partial 
shift  took  place  in  the  direction  of  the  training,  but  all  the 
further  training  of  two  months  did  not  complete  the  shift.  This 
tends  to  show  that  amount  of  shift  in  handedness  is  not  directly 
proportional  to  the  amount  of  training. 

If  handedness  is  directly  controlled  by  training  one  should  be 
able  to  shift  handedness  and  re-shift  it  in  terms  of  training 
direction.  This  condition  existed  in  only  one  of  11  rats  shifted 
during  the  course  of  this  study.  Of  these,  10  were  shifted  from 
the  preferred  hand  to  the  non-preferred  hand.  They  were  given 
four  months  of  training  for  the  originally  preferred  hand  but 
were  unable  to  shift  back  to  it. 

This  is  strong  evidence  upon  which  to  base  a  statement  that 
handedness  is  not  entirely  due  to  habit  formation;  on  the  other 
side  of  the  question,  much  evidence  is  presented  to  show  that 
handedness  is  not  due  entirely  to  native  qualities.  Ten  rats  were 
able  to  shift  their  handedness  preference,  either  partly  or  entirely, 
after  a  period  of  training.  If  handedness  preference  were  due 
entirely  to  innate  qualities,  training  should  not  change  their 
preference.  Moreover,  one  female  rat  was  successfully  shifted 
three  times.  If  handedness  were  purely  innate  it  should  be  as 
difficult  to  shift  a  young  rat  as  an  old  one,  but  this  study  does 
not  bear  out  that  generalization — although  some  younger  rats 
could  be  shifted,  it  was  impossible  to  shift  older  ones. 

In  summary,  this  study  indicates  that  handedness  preference  is 
due  to  the   interaction   of   native   sidedness   and  environmental 
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influence.  In  the  majority  of  rats,  native  sidedness  seems  to  be 
the  more  powerful. 

Is  handedness  preference  more  difficult  to  Liifiiience  in  older 
than  in  younger  rats.'  Not  one  of  the  nine  old  males  placed  in 
the  training  cage  manifested  a  shift  in.  handedness.  After  nine 
months  of  eating  with  a  non-preferred  hand,  which  is  equivalent 
to  more  than  90,000  prehensions  per  rat,  these  old  males  still 
preferred  to  use  the  other  hand  when  given  their  preference.  A 
group  of  16  young  male  rats  did  manifest  a  tendency  to  be  influ- 
enced by  the  training,  since  Hve  of  them  shifted  either  partially 
or  completely  to  the  non-preferred  hand.  This  shift  took  place 
within  three  months,  as  compared  to  nine  months  training"  of  the 
old  males. 

These  results  seem  to  indicate  that  the  older  the  animal  is 
the  more  firmly  rooted  are  its  handedness  tendencies. 

Are  there  sex  differences  in  the  plasticity  of  handedness  pref- 
erence in  rats?  This  question  is  of  special  interest  since  we  know 
of  relatively  great  sex  differences  in  stuttering,  reading  disability, 
si)elling  disability,  color  blindness,  and  shifted  handedness  among 
human  beings.  Milise'n  and  Johnson  (1)  studied  a  group  of 
265  children  with  changed  handedness.  The  study  indicated  that 
three  times  as  many  girls  as  boys  were  able  to  shift  preference 
with  relative  completeness  fr(3m  one  hand  to  the  other. 

In  the  ]>resent  study  it  was  possible  to  shift  five  out  of  16 
young  male  rats  either  partially  or  completely,  by  training  which 
amounted  to  from  10,000  to  30,000  prehensions  {)er  rat.  Five 
of  eight  females  were  shifted  either  partially  or  coiupletely  after 
an  equivalent  [)eriod  of  training.  Only  29  per  cent  of  the  males, 
as  compared  to  63  |>er  cent  of  the  females,  were  shifted. 

Thus  it  would  seem  that  females  are  more  easily  shifted  than 
males.  If  further  research  tends  to  bear  (nit  this  finding,  we  may 
have  a  working  basis  f(3r  studying  sex  differences  in  stuttering. 

Does  peripheral  deficiency  influence  handedness  preference'? 
Four  rats  were  tested  for  handedness  and  then  the  middle  finger 
of  the  preferred  hand  was  removed  by  operation.  They  were 
tested  a  month  after  the  o[>eration  and  again  four  months  later. 
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In  each  case  the  loss  of  a  finger  had  no  effect  uj)on  hand  pref- 
erence, although  the  preferred  hand  was  not  as  proficient  as  it 
had  been,  or  as  the  non-preferred  hand  might  have  been  if  it 
were  used. 

It  is  interesting  in  this  connection  to  consider  briefly  whether 
injury  to  the  central  nervous  system  affects  handedness.  Peter- 
son (3)  reports  that  lesions  in  the  superior  portion  of  the  motor 
area  of  the  hemisphere  contralateral  to  the  preferred  hand  caused 
a  shift  in  handedness  in  the  rat. 

Does  the  circular-cage  test  used  in  this  study  measure  ade- 
quately the  effect  of  training  zvhich  the  rats  acquire  in  the  train- 
ing cage?  If  the  rat  received  definite  handedness  training  from 
eating  in  the  small,  cramped  alley-way  of  the  training  cage,  could 
the  amount  of  that  training  be  measured  by  a  testing  set-up  which 
completely  changes  the  configuration  in  all  respects  except  that 
an  eating  situation  is  used  in  both  instances? 

If  the  testing  set-up  is  inadequate,  a  new  test  fashioned  after 
the  training  cage  should  bring  out  conflicting  results,  especially 
in  rats  who  have  not  indicated  any  effect  of  training. 

Ten  rats  who  had  not  indicated  any  influence  of  training  in  the 
circular-cage  test  again  were  tested  by  the  training  cage  test. 
Some  rats  were  tested  twice;  hence  we  can  make  18  comparisons. 
Of  these  18  comparisons  between  the  results  of  the  circular-cage 
test  and  the  training-cage  test,  15  rats  showed  identical  pref- 
erences on  both.  In  three  comparisons,  rats  testing  right  or  left 
handed  on  one  test  were  ambidextrous  on  the  other.  In  the  last 
three  cases  the  direction  of  error  did  not  favor  either  test. 
Hence  we  can  be  assured  that  the  circular-cage  test  is  a  fair 
measure  of  the  degree  of  training  received  in  the  training  cage. 

What  peculiar  variations  in  handedness  appeared  as  a  result 
of  training f  One  behavior  variation  was  manifested  by  a  male 
rat  who  seemed  to  receive  negative  stimulation  from  the  training 
cage.  He  develo[)ed  right  handedness  while  being  trained  in  the 
use  of  the  left  hand. 

One  group  of  rats,  two  males  and  one  female,  could  be  shifted 
only  partially.      They  changed    from   pure   right  handedness   to 
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aml)idexteritv.  l)iit  fiirtlicr  traininjj^  of  the  left  hand  did  not  make 
the  sliift  complete.  These  rats  could  be  shifted  l)ack  to  their 
orii^nnallv   preferred   hand   with   relatively   little   training. 

Another  grou])  of  rats,  three  females  and  three  males,  were 
sliifted  comi)letelv  from  the  preferred  to  the  non-preferred  hand 
after  a  ])eriod  of  training,  hut  the  attempt  to  shift  back  again  was 
not  successful. 

A  further  variation  was  manifested  by  one  female  rat  who  was 
able  to  shift  from  one  side  to  the  other  after  a  training  period 
of  not  more  than  three  months.  'Jdiis  rat  hrst  exhibited  left 
handedness.  I  ler  right  hand  was  trained  and  she  slowly  changed 
to  right  hand  i^reference.  Her  left  hand  then  was  trained  and 
she  became  left  handed  again.  With  some  training  of  the  right 
hand  she  became  right  handed  once  more. 

It  ajjjiears  that  male  rats  more  often  than  female  rats  retained 
their  original  handedness  in  sjjite  of  training.  Also,  the  handed- 
ness of  some  rats  may  be  influenced  partially  Init  not  completely, 
the  resulting  condition  being  tliat  of  ambidexterit}'.  This  occurs 
more  frecjuently  with  the  males,  'bhe  majority  of  animals  that 
were  shifted  could  be  shifted  only  once.  The  shift  then  would 
be  relatively  complete  and  it  appeared  im])OSsible  to  re-establish 
the  original  handedness  by  training.  One  female  rat  had  a  i>las- 
tic  handedness  mechanism  which  was  highly  suscei)tible  to 
training. 

I' I.  Conclusions.  This  study  i)oints  toward  the  following  con- 
clusions with  regard  to  handedness  in  rats. 

1.  Handedness  of  some  but  ncjt  all  rats  can  be  changed  by 
training. 

2.  Handedness  can  not  be  explained  solely  on  the  basis  of 
either  habit  fr)rmation  or  innate  tendencies,  but  rather  bv  an 
interaction  between  them. 

3.  Disability  of  the  preferred  liand  does  not  seem  to  influence 
handedness  ])reference. 

4.  The  older  the  animal  becomes,  the  more  firmly  fixed  his 
handedness  jireference   seems  to  become. 

.■^.  b'emale  rats  seem  to  be  more  easily  shifted  in  their  handed- 
ness preference  than  male  rats. 
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THE  INFLUENCE  OF  EMPHATIC  RESPONSE  ON 
FREQUENCY  OF  STUTTERING 

by 
C.  Van  Riper 

/.  hitrodiictioii.  For  many  years  s[>eech  ])athologists  have 
been  confronted  by  the  popukir  behef  that  stuttering  is  often 
caused  by  imitation,  and  that  the  disorder  may  be  transferred 
from  one  perscjii  to  another  through  social  iniieritance.  In  the 
course  of  chnical  examination  several  {)arents  of  stutterers  have 
rei)orted  that  the  onset  of  their  children's  disorder  occurred  soon 
after  they  had  been  observed  imitating  some  other  stutterer. 
Many  clinicians  are  prtjne  to  regard  these  reports  with  some 
scepticism,  having  known  cases  in  which  only  one  of  a  number  of 
children  who  mocked  a  stuttering  playmate  began  to  stutter. 
They  ask  the  ([uestion :  "Why  did  not  these  other  children 
stutter?  " 

Then  again,  stutterers  frequently  report  that  they  seem  to 
stutter  much  worse  after  listening  to  the  s|>eech  of  other  bad 
stutterers,  and  that  they  experience  great  discomfort  during  such 
listening.  Furthermore,  during  various  experiments  which 
necessitated  a  situation  where  a  stuttering  sfx^aker  addressed 
a  grouj)  of  stutterers,  the  latter  were  observed  to  give  emphatic 
resiKjnses  ranging  from  obvious  breathing  abnormalities  to  facial 
grimaces. 

Without  delimiting  the  nature  and  scope  f)f  this  emphatic 
response  to  stuttering,  a  simple  ex[>eriment  was  devised  to 
measure  what  effect,  if  any,  the  hearing  and  seeing  of  stuttering 
would  have  ui>on  a  stutterer's  s[)eech. 

//.  Jixperimcntal  fyroccdiirc.  The  stutterer  was  brought  into 
the  examining  room  and  introduced  to  the  two  Es,  one  a  normal 
sjjeaker  and  the  other  a  severe  stutterer.  He  was  then  instructed 
as    follows:     "The   |)uriM)se  of   this  e.\|K'riment   is   to   determine 
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how  often  you  will  stutter  when  you  attempt  to  say  words 
after  someone  else  has  pronounced  them.  Fifty  words  will  be 
pronounced  one  at  a  time  by  the  normal  speaker.  As  soon  as 
you  hear  each  word,  watch  the  second  experimenter  who  will 
give  you  the  signal  to  speak  by  raising  his  pencil.  The  time 
interval  between  pronouncing  and  the  signal  to  speak  will  be  three 
seconds.  Be  sure  to  watch  the  experimenter  as  he  pronounces 
the  word."  Following  the  reading  of  these  instructions  the  fifty 
words  were  pronounced  and  attempted  according  to  the  procedure 
outlined  in  the  instructions.  This  was  termed  Situation  A. 
Both  the  normal  speaking  E  and  the  stuttering  E  checked  inde- 
pendently the  number  of  stuttering  spasms,  and  after  each  at- 
tempt the  stutterer  was  asked  whether  he  had  stuttered  or  not. 

After  the  50  words  had  been  read  by  the  normal  speaker  and 
the  number  of  spasms  checked,  the  same  list  of  words  was  again 
pronounced,  this  time  by  the  second  E,  who  stuttered  or  pre- 
tended to  stutter  badly  on  each  word.  This  was  termed  Situ- 
ation B.  The  same  procedure  used  in  Situation  \  was  employed 
for  checking  stuttering  spasms  and  the  same  instructions  were 
used.  Only  those  spasms  upon  which  all  three  individuals  agreed 
were  counted.  Sixteen  adult  stutterers  from  the  speech  clinics 
of  the  Universities  of  Iowa  and  Minnesota  were  used  in  the 
investigation.  The  fifty  words  used  in  the  study  were:  banana, 
dresses,  frock,  stutter,  police,  broken,  girl,  fist,  marvel,  venture, 
weighty,  lottery,  tremble,  statistics,  queen,  parcel,  drink,  neces- 
sary, restaurant,  clerk,  operation,  small,  voice,  language,  often, 
clings,  slowly,  thinks,  black,  people,  urged,  two,  utmost,  well, 
you,  artificial,  those,  trick,  wished,  grandfather,  smoke,  skillfully, 
contain,  have,  except,  pronounce,  know,  likes,  thumbnail,  and 
plays. 

///.  Results.  The  results  of  this  experiment  demonstrated  that 
the  stutterers  had  more  spasms  when  the  stuttering  E  pronounced 
the  words  than  when  the  normal  speaker  pronounced  them.  The 
average  difference  between  number  of  spasms  experienced  in 
Situations  A  and  B  was  7.1.  When  the  CR  was  computed,  it 
equalled  2.5,  giving  a  probability  of  99  chances  out  of  100  that 
this  difiference  was  a  true  difference.     Actually,  only  one  case  of 
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the  16  stiittcrtTS  tested  sliowed  a  decrease  in  ininiber  of  sj>asnis 
when  the  stntterin,<:  /:  })ron(iunced  the  words.  The  average  num- 
ber of  spasms  in  Situation  A  was  10  with  an  SD  of  7.7,  and  in 
Situation  ]>  it  was  17.1  with  an  SD  of  8.3. 

Certain  observations  were  made  which  may  be  of  some  sug- 
gestive vahie.  Certain  stutterers  seemed  U)  stutter  in  a  manner 
very  nuicli  hke  that  used  by  the  pronouncer,  although  they 
claimed  never  before  to  have  stuttered  in  such  fashion.  Other 
suggestible  cases  seemed  to  vary  the  duration  of  their  spasm 
according  to  that  had  by  li  in  pronouncing  the  word.  It  should 
also  be  mentioned  that  the  small  number  of  cases  used  was  due  to 
the  fact  that  many  stutterers  had  no  dif^culty  when  pronouncing 
words  after  they  had  been  spoken.  Stutterers  entering  the  clinic 
for  the  first  time  jiroved  to  be  the  best  .S"s.  The  ])ercei]tage  of 
agreement  between  /:s  and  stutterers  varied  between  83  and  98 
]*er  cent,  but  little  error  should  be  attributed  to  this  source  since 
only  those  s])asms  on  which  both  i:s  and  the  stutterer  agreed 
were  counted,  binally.  it  should  be  mentioned  that  overt  signs 
of  emphatic  response  were  often  noted  during  the  stuttering  /:'s 
]>erformance  of  the  word. 

/['.  Sinniiiary.  When  stutterers  attempted  to  jironounce  words 
which  had  just  ])reviously  been  jironounced  by  a  normal  speaker 
or  bad  stutterers,  they  stuttered  more  frequently  in  the  latter 
situation.  These  results  are  attributed  to  the  effects  of  the  em- 
])hatic  res])onse  to  such  stinmlation. 
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